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(57) ABSTRACT

A stem/leaf desiccant for crop plants which comprises as an
active mgredient, a compound of formula (I):

(D)
R3
4’#\4\}( R2

CFin /ILYO \‘H‘\A )\"/RJ
‘ O O

wherein X represent CH or nitrogen; 7 represents halogen;
A represents oxygen, sulfur, or NH; R' represents hydroxyl,
C,—C, alkoxy, C,—C, alkenyloxy, C,—C, alkynyloxy, C.—C,
cycloalkoxy, {(C,—C, alkoxy)carbonyl} C,—C, alkoxy,
(C,—C, alkylamino)oxy, {di(C,~C, alkyl)amino }oxy,
(C,—C, alkylideneamino)oxy, C,—C, alkylamino, di(C,—C,
alkyl)amino, C,—C, alkenylamino, C;—C, alkynylamino,
Cs—C, cycloalkylamino, {(C,~C, alkoxy)carbonyl} C,—C,
alkylamino, or (C,-C, alkoxy)amino; R* is hydrogen or
methyl; and R is hydrogen, halogen, C,—C, alkyl, or C,—C,
alkoxy;

a method for desiccating a crop plant and a method for
harvesting a crop by using the stem/leal desiccant.

14 Claims, No Drawings
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1
STEM/LEAFK DESICCANT

TECHNICAL FIELD

The present invention relates to a stem/leal desiccant
which 1s used before the harvest of crops such as potato,
sunflower, soybean, rape, sorghum and the like, for desic-
cating the aboveground part of the plants.

BACKGROUND ART

Desiccants which desiccate the aboveground part of the
plants have been used to make harvest work of crops, such
as potato, sunflower, soybean, rape, sorghum and the like,
casy. Especially 1n a case of machine harvest, there 1s an
advantage 1n an easy operation of a harvest machine and the
like. By desiccating aboveground parts of the plants, an
outbreak of plant diseases can be controlled. The crops such
as suntlower, the crops must be desiccated belore pressing
o1l from the crops after the harvest. In this case, by spraying
the desiccant, which desiccate the crop plants before the
harvest, to the plants, and lowering the water content of the
seeds; the drying cost before pressing o1l can be decreased.
Also, 1n a case of soybean, rape and the like, by spraying the
desiccant to the plants and accelerating the ripeness of crops;
the high-quality harvesting which are umiformly ripen can be
gained.

Namely, there are some advantages of desiccating these
plants before the harvest. Diquat has been used as a desic-
cant, however there has been a great demand for higher-
performance desiccant.

DISCLOSURE OF INVENTION

The present inventor has extensively sought for a novel
desiccant for potato, suntlower, soybean, rape, sorghum and
the like. As a result, he has found that compounds of formula

(D):

(D)

R3
CH; #\4\‘;;( R2
R]
\H\ A)\’(
O O

|
CF; N\(O
\EI'(N
O
F

wheremn X 1s CH or nitrogen; 7Z 1s halogen; A 1s oxygen,
sulfur, or NH; R' is hydroxyl, C,—-C, alkoxy, C,—C., alkeny-
loxy, C;—C, alkynyloxy, C.—C, cycloalkoxy, {(C,-C,
alkoxy)carbonyl} C,—C, alkoxy, (C,-C, alkylamino)oxy,
{di(C,—C, alkyl)amino }oxy, (C;—C. alkylideneamino)oxy,
C,—C, alkylamino, di(C,—C, alkyl)amino, C,—C, alkeny-
lamino, C,—C. alkynylamino, C.—C, cycloalkylamino,
{(C,—C, alkoxy)carbonyl} C,-C, alkylamino or (C,-C,
alkoxy)amino; R* is hydrogen or methyl; and R is hydro-
gen, halogen, C,—C, alkyl, or C,—C,; alkoxy, have an excel-
lent desiccant effect for the crop plants, thereby completing
the present invention. That 1s, the present invention provides
the desiccant, which comprise compounds (I) as active
ingredients and which are used for desiccating aboveground
parts of the plants, such as potato, sunflower, soybean, rape,
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2

sorghum and the like, before the harvest of crops thereof
(hereinatfter referred to as the present desiccant(s)).

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

The present desiccant 1s typically used in a manner as
described below.

The application time of the present desiccant may change
because of the weather condition or the crop plants growth
condition. The present desiccant 1s usually applied when the
ripening stage of the plants come near after the vegetative
growth of the plants, which the present desiccant 1s going to
be applied, has finished. If the plants are potatoes, the
present desiccant i1s preferably applied between a time of
foliage turning yellow and three days before of the harvest-
ing, more preferably between twenty-one days before and
three days before of the harvesting. If the plants are sun-
flowers, the present desiccant 1s preferably applied when the
backside of the flowers turn yellow after the plants has been
ripened; or when a water content of the seeds ranges from 20
wt % to 50 wt % when a water content 1s a reference. I the
plants are soybeans, the present desiccant 1s preferably
applied between a time of leaves turming brown and one-
week before of the harvesting. If the plants are rapes, the
present desiccant i1s preferably applied when a color of the
seeds starts to change from green to brown.

The present desiccant 1s usually used in the form of
vartous formulations including emulsifiable concentrates,
wettable powders, flowables, and solutions, which can be
prepared by mixing the compound (I) with solid carriers,
liguid carriers, or other bulking agents, and 11 necessary,
adding surfactants and other auxiliary agents thereto. In
these formulations, the compounds (I) are usually contained
cach 1n an amount of 0.5% to 80% by weight, preferably 1%
to 70% by weight.

The solid carrier used 1n the formulation may include, for
example, the following materials 1n fine powder or granular
form: clays (e.g., kaolinite, diatomaceous earth, synthetic
hydrated silicon oxide, Fubasami clay, bentonite, acid clay);
talc and other inorganic minerals (e.g., sericite, quartz pow-
der, sultur powder, activated carbon, calcium carbonate);
and chemical fertilizers (e.g., ammonium sulfate, ammo-
nium phosphate, ammonium nitrate, ammonium chloride,
urea). The liquid carrier may include, for example, water;
alcohols (e.g., methanol, ethanol); ketones (e.g., acetone,
methyl ethyl ketone, cyclohexanone); aromatic hydrocar-
bons (e.g., toluene, xylene, ethylbenzene, methylnaphtha-
lene); non-aromatic hydrocarbons (e.g., hexane, cyclohex-
ane, kerosine); esters (e.g., ethyl acetate, butyl acetate);
nitriles (e.g., acetonitrile, isobutyronitrile); ethers (e.g.,
dioxane, diisopropyl ether); acid amides (e.g., dimethylior-
mamide, dimethylacetamide); and halogenated hydrocar-
bons (e.g., dichloroethane, trichloroethylene).

The surfactant may include, for example, alkyl sulfate
salts; alkylsulfonic acid salts; alkylarylsulfonic acid salts;
alkyl aryl ethers and their polyoxyethylene derivatives;
polyethylene glycol ethers; polyol esters; and sugar alcohol
derivatives.

The other auxihiary agents may include, for example,
adhesive agents and dispersing agents, such as casein,
gelatin, polysaccharides (e.g., powdered starch, gum arabic,
cellulose derivatives, alginic acid), lignin dernivatives, and
synthetic water-soluble polymers (e.g., polyvinyl alcohol,
polyvinyl pyrrolidone, polyacrylic acid); and stabilizers
such as PAP (isopropyl acid phosphate), BHT (2,6-di-tert-
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butyl-4-methylphenol), BHA (2-/3-tert-butyl-4-methyox-
yphenol), vegetable oils, mineral oils, fatty acids, and fatty
acid esters.

The present desiccant thus formulated 1s applied to plants
after diluted with water. The present desiccant can be
expected to have further enhanced effects by incorporation
of tank mix adjuvants 1n water used for dilution.

The application amounts of the compounds (I) may vary
with the formulations types, application times, and applica-
tion places, but are usually 1n the range of 1 to 500 g/ha,
preferably 1 to 100 g/ha.

In the formula (I), halogen represented by Z refers to
fluorine, chlorine, bromine, or 10dine;

C,—C., alkoxy represented by R' may include methoxy,
cthoxy, propoxy, 1sopropoxy, butoxy, 1-methylpropoxy,
2-methylpropoxy, pentyloxy, 1-methylbutoxy, 2-methylbu-
toxy, 3-methylbutoxy, 2.2-dimethylpropoxy, hexyloxy,
1 -methylpentyloxy, 2-methylpentyloxy, 3-methylpentyloxy,
4-methylpentyloxy, 1,2-dimethylbutoxy, 1,3-dimethylbu-
toxy, 2,3-dimethylbutoxy, 3,3-dimethylbutoxy, and hepty-
loxy;

C,—C., alkenyloxy represented by R' may include 2-pro-
penyloxy, 3-butenyloxy, 4-pentenyloxy, 3-methyl-3-buteny-
loxy, and 3-methyl-2-butenyloxy;

C,—C,, alkynyloxy represented by R" may include 2-pro-
pynyloxy:

C.—C,, cycloalkoxy represented by R' may include cyclo-
pentyloxy and cyclohexyloxy;

{(C,—C, alkoxy)carbonyl} C,~C, alkoxy represented by
R' may include methoxycarbonylmethoxy, ethoxycarbonyl-
methoxy, and 1-(methoxycarbonyl)-1-methylethoxy;

(C,—C, alkylamino)oxy represented by R' may include
(methylamino)oxy and (ethylamino)oxy;

{di(C,—C, alkyl)aminol}oxy represented by R' may
include (dimethylamino)oxy and (methylethylamino)oxy;

(C,—C. alkylideneamino)oxy represented by R' may
include (1sopropylideneamino)oxy;

C,—C,, alkylamino represented by R' may include methy-
lamino, ethylamino, propylamino, isopropylamino, buty-
lamino, 1-methylpropylamino, 2-methylpropylamino, pen-
tylamino, 1-methylbutylamino,  2-methylbutylamino,
3-methylbutylamino, 2,2-dimethylpropylamino, and hexy-
lamino;

di(C,—C, alkyl)amino represented by R' may include
dimethylamino and diethylamino;

C,—C., alkenylamino represented by R' may include
2-propenylamino;

C,—C. alkynylamino represented by R' may include
2-propynylamino;

C.—C., cycloalkylamino represented by R' may include
cyclopentylamino and cyclohexylamino;

{(C,—C, alkoxy)carbonyl} C,—C; alkylamino represented
by R' may include methoxycarbonylmethylamino;

(C,—C., alkoxy)amino represented by R' may include
methoxyamino, ethoxyamino, and 1sopropoxyamino;

halogen represented by R’ refers to fluorine, chlorine,
bromine, or 10dine;

C,—C, alkyl represented by R’ refers to methyl, ethyl,
propyl, or 1sopropyl; and

C,—C, alkoxy represented by R> refers to methoxy,
cthoxy, propoxy, or 1SOpropoxy.

In the compounds of formula (I) used as the active
ingredients of the present desiccant, preferred are those
wherein R' is methoxy or ethoxy; R” is hydrogen; and/or Z
1s chlorine or bromine.

Compounds (I) can be produced, for example, according
to production processes A to E as described below.
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4
Production Process A
R3
(‘3H3 Aﬁ\‘x R2
CF; N 0 OCH;
\ ‘/ \f \ A
\rN 0O 0O
O (V)
F NH,
R3
(‘3H3 P R
CF; N 0 A ‘ OCHj;
2 :
N O O
O 1-1)
I3 Z

wherein X, Z. A, R*, and R> are as defined above.

Compound (I-1) can be produced by reacting compound
(V) with a diazotizing agent (first step), followed by reaction
with a halide (second step).

The reaction 1n the first step 1s usually carried out at a

temperature range of —20° C. to 20° C., and the reaction time
1s a moment to 5 hours.

The diazotizing agent used in the reaction may include
nitrous acid (prepared from nitrites such as sodium nitrite,
and protonic acids such as acetic acid and hydrochloric
acid); nitrite esters such as 1soamyl nitrite and t-butyl nitrite.
The reaction 1s usually carried out by adding dropwise the
diazotizing agent to a mixture of compound (V) and a
solvent such as acetic acid, acetonitrile, or water, or prepar-
ing a diazotizing agent 1n the solvent.

The amounts of reagents are 1 mole of the diazotizing
agent relative to 1 mole of compound (V), which 1s a
theoretical ratio, but may suitably be changed depending
upon the reaction conditions.

After the reaction 1n the first step, the reaction mixture 1s
usually used as the starting material in the second step,
without being subjected to separation.

The reaction 1n the second step 1s usually carried out 1n the

range of 0° C. to 80° C., and the reaction time 1s a moment
to 24 hours.

The halide used in the reaction may include fluorides
(e.g., tetrafluoroboric acid), chlorides (e.g., copper (1) chlo-
ride), bromides (e.g., copper (1) bromide), and 1odides (e.g.,
potassium 1odide). The reaction 1s usually carried out by
adding dropwise the reaction mixture obtained in the first
step to a mixture of a halide and a solvent such as acetic acid,
acetonitrile, or water.

The amounts of reagents are 1 mole of the halide relative
to 1 mole of compound (V), which 1s a theoretical ratio, but

may suitably be changed depending upon the reaction con-
ditions.
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After completion of the reaction, for example, the reaction
mixture 1s poured into water, which 1s then extracted with an
organic solvent, and the organic layer 1s concentrated to give
a desired compound.

Production Process B

(VD)

(XXI)

o
NG /N\(O )\”/

(I-3)

wherein E is chlorine or bromine; and Z, A, R', R*, and R
are as defined above.

Compound (I-3) can be produced by reacting compound
(VI) with compound (XXI) in the presence of a base 1n a
solvent.

The reaction temperature 1s usually 1n the range of 0° C.
to 150° C., and the reaction time 1s usually a moment to 24
hours.

The base used 1n the reaction may include organic bases
such as pyridine, quinoline, N-methylmorpholine, 1,8-diaz-
abicyclo [5.4.0Jundec-7-ene, 1,5-azabicylco[4.3.0]non-5-
ene, 1.,4-diazabicyclo[2.2.2]octane, 4-dimethylaminopyri-
dine, N,N-dimethylaniline, N,N-diethylaniline,
tricthylamine, tri-n-propylamine, and disopropylethy-
lamine; and inorganic bases such as sodium carbonate,
potassium carbonate, sodium hydride, and potassium
hydride.

The solvent used 1n the reaction may include aromatic
hydrocarbons such as toluene and xylene; aromatic haloge-
nated hydrocarbons such as chlorobenzene, dichloroben-
zene, and benzotrifluride; ethers such as diisopropyl ether,
methyl t-butyl ether, dioxane, tetrahydrofuran, ethylene gly-
col dimethyl ether, and diglym; ketones such as methyl
isobutyl ketone; esters such as ethyl acetate; nitro com-
pounds such as nitromethane; nitrites such as acetonitrile;
amides such as N,N-dimethyliformamide and N-methyl-2-
pyrollidone; sulfur compounds such as dimethylsulfoxide
and sulforane; and mixtures thereof.

The amounts of reagents are 1 mole of compound (XXI)
and 1 mole of the base, relative to 1 mole of compound (VI),
which 1s a theoretical ratio, but may suitably be changed
depending upon the reaction conditions.
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6

After completion of the reaction, for example, the reaction
mixture 1s poured into water, which 1s then extracted with an
organic solvent, and the organic layer 1s concentrated to give
a desired compound. The product may be purified by chro-
matography, recrystallization, or any other technique.

Production Process C

3

S
‘\ﬂ/N
O (XXV)
b V4
lCH3—E (XXVI)
oo e,
AN /N\(O \H\ )\n/
‘\WN
O (I-3)
b V4
wherein E' is a leaving group such as iodine or methane-

sulfonyloxy, and X, Z, A, R', R*, and R’ are as defined
above.

Compound (I-3) can be produced by reacting compound
(XXV) with compound (XXVI) 1n the presence of a base 1n
a solvent.

The reaction temperature 1s usually 1n the range of 0° C.
to 150° C., and the reaction time 1s usually a moment to 24
hours.

The base used 1n the reaction may include organic bases
such as pyridine, quinoline, N-methylmorpholine, 1,8-diaz-
abicyclo[5.4.0]Jundec-7-ene, 1,5-diazabicylco[4.3.0]non-5-

ene, 1,4-diazabicyclo[2.2.2]octane, 4-dimethylaminopyri-
dine, N,N-dimethylaniline, N,N-diethylaniline,
tricthylamine, tri-n-propylamine, and disopropylethy-

lamine; and inorganic bases such as sodium carbonate,
potassium carbonate, sodium hydride, and potassium
hydride.

The solvent used in the reaction may include aromatic
hydrocarbons such as toluene and xylene; aromatic haloge-
nated hydrocarbons such as chlorobenzene, dichloroben-
zene, and benzotrifluoride; ethers such as diisopropyl ether,
methyl t-butyl ether, dioxane, tetrahydrofuran, ethylene gly-
col dimethyl ether, and diglym; ketones such as methyl
isobutyl ketone; esters such as ethyl acetate; nitro com-
pounds such as nitromethane; nitrites such as acetonitrile;
amides such as N,N-dimethylformamide and N-methyl-2-
pyrollidone; sultur compounds such as dimethylsulfoxide
and sulforane; and mixtures thereof.

-

I'he amounts of reagents are 1 mole of compound (XXVI)
and 1 mole of the base, relative to 1 mole of compound
(XXV), which 1s a theoretical ratio, but may suitably be
changed depending upon the reaction conditions.
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After completion of the reaction, for example, the reaction
mixture 1s poured 1nto water, which 1s then extracted with an
organic solvent, and the organic layer 1s concentrated to give
a desired compound. The product may be purified by chro-
matography, recrystallization, or any other technique.

,-\’\

(I-1)

Production Process D

CH,

CF; N;\Tﬁﬁo
RHU:ZHJ,N
O

lH——Rﬁ (XX)

wherein X, Z, A, R', R*, and R’ are as defined above.

Compound (I-2) can be produced by reacting compound
(I-1) with compound (XX). The reaction may be carried out
in the presence of an acid or a base as a catalyst.

The reaction temperature 1s usually 1n the range of 20° C.
to 150° C., and the reaction time 1s usually a moment to 24
hours.

The acid optionally used may include organic protonic
acids such as methanesulfonic acid; and inorganic protonic
acids such as sulfuric acid. The base may include organic
bases such as pyridine; and norganic bases such as sodium
carbonate.

The amounts of reagents are 1 mole to an excess of
compound (XX), relative to 1 mole of compound (I-1).

The reaction may involve the use of a solvent inert
thereto. In the reaction, the methanol formed as a by-product
may be distilled out of the reaction system, so that the rate
of the reaction can be increased.

After completion of the reaction, for example, the reaction
mixture 1s poured 1nto water, which 1s then extracted with an
organic solvent, and the organic layer 1s concentrated to give
a desired compound. The product may be purified by chro-
matography, recrystallization, or any other technique.

Production Process E

Compound (I-2) can also be produced by reacting com-
pound (I-4) with compound (XX) under the dehydration
conditions.
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CHg fxf\“
(WY Ay
(1-4)
lH——R} (XX)

CH;
CF; }L\Tﬁﬁo
ﬁH}I:ﬂ/,N
O

wherein X, Z, A, R', R*, and R> are as defined above.

Compound (V) can be produced by the process as shown
below.

L

(I-2)

(|: H3 R3
‘ OCHs
N F N AffL\ﬂ(f
T HO O
O
F NO,

(I1) (I1T)
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-continued
R3
-
(‘ng 2Ny R2
CF, N 0O A ‘ OCHj;
2 :
N O O
O (V)
F NH,

wherein X, A, R*, and R’ are as defined above.

First step: The step of producing compound (IV) from
compound (II) and compound (III).

Compound (IV) can be produced by reacting compound
(II) with compound (III) 1n the presence of a base in a
solvent.

The reaction temperature 1s usually 1n the range of 0° C.
to 150° C., and the reaction time 1s usually a moment to 24
hours.

The base used 1n the reaction may include organic bases
such as pyridine, quinoline, N-methylmorpholine, 1,8-diaz-
abicyclo[5.4.0Jundec-7-ene, 1,3-diazabicylco[4.3.0]non-5-
ene, 1,4-diazabicyclo[2.2.2]octane, 4-dimethylaminopyri-
dine, N,N-dimethylaniline, N,N-diethylaniline,
tricthylamine, tri-n-propylamine, and disopropylethy-
lamine; and inorganic bases such as sodium carbonate,
potassium carbonate, sodium hydride, and potassium
hydride.

The solvent used 1n the reaction may include aromatic
hydrocarbons such as toluene and xylene; ethers such as
dioxane; amides such as N,N-dimethyliormamide and
N-methyl-2-pyrollidone; sulfur compounds such as dimeth-
ylsulfoxide and sulforane; and mixtures thereof.
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The amounts of reagents are 1 mole of compound (II) and
1 mole of the base, relative to 1 mole of compound (III),
which 1s a theoretical ratio, but may suitably be changed
depending upon the reaction conditions.

After completion of the reaction, for example, the reaction
mixture 1s poured 1nto water, which 1s then extracted with an
organic solvent, and the organic layer i1s concentrated to give
a desired compound. The product may be purified by chro-
matography, recrystallization, or any other technique.

Second step: The step of producing compound (V) from
compound (IV).

Compound (V) can be produced by reacting compound
(IV) with 1ron powder 1n the presence of a protonic acid.

The reaction temperature 1s usually 1n the range of 0° C.
to 100° C., and the reaction time 1s usually a moment to 24
hours.

The protonic acid used in the reaction may include
organic protonic acids such as acetic acid and propionic
acid; and 1norganic protonic acids such as hydrochloric acid.

The amounts of reagents are 3 moles to an excess of the
iron powder and 3 moles to an excess of the acid, relative to
1 mole of compound (IV), which may suitably be changed
depending upon the reaction conditions.

The reaction may involve the use of a solvent inert
thereto.

After completion of the reaction, for example, the reaction
mixture 1s filtered, and the filtrate 1s poured into water,
which 1s neutralized and then extracted with an organic
solvent, and the organic layer 1s concentrated to give a
desired compound. The product may be purified by chro-
matography, recrystallization, or any other technique.

Compound (II) can be produced according to the process
known 1n the art.

Compound (III) can be produced by the process as shown
below.

R3
RZ
XN
_|_
| I OCH
~
A
N Cl
O

0,N
p3 (XTI / (XIV) o
2% R 2Ny R
X ‘ OCHax — . | OCH;

A A
O>N O H>N O

) / -

R3 R3
XN R2 2N R2
N ‘ OCHsx — - N ‘ OCHax

A A
AcO O HO O

(XVII)
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wherein X, A, R*, and R’ are as defined above.

First step: The step of producing compound (XV) from
compound (XIII) and compound (XIV).

Compound (XV) can be produced by reacting compound
(XIII) with compound (XIV) 1n the presence of a base 1n a
solvent.

Second step: The step of producing compound (XVI)
from compound (XV).

Compound (XVI) can be produced by reducing com-
pound (XV) (e.g., by a techmque such as iron reduction
(Fe/acetic acid) or hydrogenation (Pd—C/H,)).

Third step: The step of producing compound (XVII) from
compound (XVI).

Compound (XVII) can be produced by reacting com-
pound (XVI) with a diazotizing agent (e.g., nitrous acid
(prepared from nitrites such as sodium nitrite, and protonic
acids such as acetic acid and hydrochloric acid), nitrite esters
such as 1soamyl nitrite and t-butyl nitrite), followed by
reaction with acetic anhydride.

Fourth step: The step of producing compound (III) from
compound (XV

1).

Compound (III) can be produced by selective hydrolysis
of compound (XVII).

Compound (XXV) can be produced according to the
process described 1n Reference Production Example 8 or 9.

For compounds (XX), (XXI), (XXVI), and (XIV), there
can be used commercially available compounds.

The present mvention will hereinafter be further illus-
trated by some specific examples; however, the present
invention 1s not limited only to these examples.

The following will describe production examples for the
compounds of formula (I), which are designated by their
compound numbers shown below 1n Tables 1 to 3.

Production Example 1

Production of Compound a-3

Y

I X

CH;

Y

CF; N

II kﬁ
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To a mixture of 0.93 g of methyl [2-{2-chloro-4-fluoro-
5-[2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimi-
din-1-yl]phenoxy }phenoxy]acetate, 0.31 g of potassium car-
bonate, and 10 ml of N,N-dimethylformamide was added
0.58 g of methyl 10dide, and the mixture was stirred at room
temperature for 2 hours. Then 50 ml of diluted hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water, saturated
aqueous sodium chloride solution, dried over anhydrous
sodium sulfate, and then concentrated under reduced pres-
sure. The residue was subjected to silica gel column chro-
matography to give 0.82 g of methyl [2-{2-chloro-4-fluoro-
5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy }phenoxy]acetate
(compound a-5).

'"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.49-3.50 (m, 3H),
3.73 (s, 3H), 4.66 (s, 2H), 6.28 (s, 1H), 6.76 (d, 1H, J=6.6
Hz), 6.9-7.2 (m, 4H), 7.36 (d, 1H, J=8.9 Hz).

Production Example 2

Production of Compound a-6

A

~
O X

Cl

To a mixture of 0.10 g of methyl [3-{2-chloro-4-fluoro-
5-[2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimi-
din-1-yl]phenoxy }-2-pyridyloxyJacetate, 1 ml of acetoni-
trile, and 31 mg of potasstum carbonate was added 32 mg of
methyl 10dide, and the mixture was stirred at room tempera-
ture for 1.5 hours. Then, 64 mg of methyl 10dide was added,
and the mixture was stirred at 50° C. for 1 hour. The mixture
was filtered, and the filtrate was concentrated under reduced
pressure. The residue was subjected to silica gel column
chromatography to give 97 mg of methyl [3-{2-chloro-4-
fluoro-5-[3-methyl-2,6-d1oxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy }-2-pyridyloxy]acetate
(compound a-6).
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Production Example 3

Production of Compound a-3

(e ~
CF, N O =
Y 0
| —

N O K(O

O J\ij[ O
F NH> \CH3

X

N
O . ‘<

F Cl CH;

A mixture of 11.02 g of 1soamyl nitrite and 45 ml of
acetonitrile was added dropwise to a mixture of 15.16 g of
methyl [2-{2-amino-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxylacetate, 6.21 g of copper (I) chloride,
12.65 g of copper (1) chlonide, and 250 ml of acetonitrile at
room temperature, and the mixture was stirred for 2 hours.
The reaction mixture was poured into 2% hydrochloric acid,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chlonide solution, dried over anhydrous magnesium sulfate,
and then concentrated. The residue was subjected to silica
gel column chromatography to give 13 g of methyl [2-{2-
chloro-4-tluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } phenoxy]acetate
(compound a-5).

Production Example 4

Production of Compound a-6

CH3

\I/
\[( ¢

/\r \\
NH,

CF3\

/\I_r\
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First, 88 mg of 1soamyl nitrite was added dropwise to a
mixture of 0.24 g of methyl [3-{2-amino-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl]phenoxy }-2-pyridyloxy]acetate, 99 mg of cop-
per (1) chloride, 0.20 g of copper (1I) chloride, and 2.5 ml of
acetonitrile at room temperature, and the mixture was stirred
for 1 hour. The reaction mixture was poured into 2%
hydrochloric acid, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dried over anhydrous magne-
sium sulfate, and then concentrated. The residue was sub-
jected to silica gel column chromatography to give 0.21 g of
methyl [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } -
2-pyridyloxylacetate (compound a-6).

m.p.: 52.2° C.; "H-NMR (CDC1l,, 300 MHz) d(ppm): 3.50
(q,3H,J=1.0Hz),3.70 (s,3H),4.90 (d, 1H, J=15.8 Hz), 4.97
(d, 1H, J=15.8 Hz), 6.29 (s, 1H), 6.9-7.0 (m, 2H), 7.32 (dd,
1H, J=7.7, 1.9 Hz), 7.37 (d, 1H, J=8.7 Hz), 7.92 (dd, 1H,
1=4.9, 1.9 Hz).

Production Example 5

Production of Compound b-6

& B

NH,
(‘3H3 ‘/\N
CF N O O
3\‘/ \l/ N, et
\”/N y ‘ e O
O
F X i

First, 18 mg of 1soamyl nitrite was added dropwise to a
mixture of 0.16 g of methyl 2-[3-{2-amino-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl]phenoxy }-2-pyridyloxy|propionate, 63 mg of
copper (I) chloride, 129 mg of copper (1I) chloride, and 1.5
ml of acetonitrile at 0° C., and the mixture was stirred for 1
hour and further stirred at room temperature for 1 hour. The
reaction mixture was poured mnto a mixture of 1N hydro-
chloric acid and i1ce, and the mixture was extracted with
cthyl acetate. The organic layer was washed with saturated
aqueous sodium chloride solution, dried over anhydrous
magnesium sulfate, and then concentrated. The residue was
subjected to silica gel column chromatography to give 0.12
g of methyl 2-[3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-
4-(trifluvoromethyl)-1,2.3,6-tetrahydropyrimidin-1-yl]phe-
noxy }-2-pyridyloxy|propionate (compound b-6) as a mix-
ture of diastereoisomers.

'H-NMR (CDCl,, 300 MHz) d8(ppm): 1.51 (d, 3/2H,
J=7.0 Hz), 1.52 (d, 3/2H, I=7.0 Hz), 3.50 (s, 3H), 3.67 (s,
3H), 5.29 (q, 1/2H, J=7.0 Hz), 5.30 (q, 1/2H, J=7.0 Hz), 6.28
(s, 1/2H), 6.29 (s, 1/2H), 6.8-7.0 (m, 2H), 7.3-7.4 (m, 2H),
7.8-7.9 (m, 1H).



Us 7,109,148 B2

15

Production Example 6

Production of Compound b-10

ﬁ} A

NH;

TH3
CF;
T J\r

\g/ a

A solution of 10.99 g of i1soamyl nitrite 1n 10 ml of
acetonitrile was added to a mixture of 15.46 g of ethyl
2-[3-{2-amino-4-fluoro-5-[ 3-methyl-2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyrimidin-1-yl|phenoxy }-2-
pyridyloxy]|propionate, 6.19 g of copper (1) chlonide, 12.61
g of copper (II) chloride, and 120 ml of acetonitrile at room
temperature, and the mixture was stirred for 3 hours. The
reaction mixture was poured into a mixture of i1ce and
hydrochloric acid, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dried over anhydrous magne-
sium sulfate, and then concentrated. The residue was sub-
jected to silica gel column chromatography to give 13.16 g
of ethyl 2-[3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-
(trifluvoromethyl)-1,2,3, 6-tetrahydropyrimidin-1-yl]phe-
noxy }-2-pyridyloxy|propionate (compound b-10).

>

N
P e

{

Production Example 7

Production of Compound a-8

P
CF; NYO
\En/ N
0

F
CHj; ‘/\\*N

O
S/ﬁ‘( SCH
0O

CF N O O
3 ‘ \]/ A S/\[r e,
N\/\‘/O O
0 F/ \/\m
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First, 92 mg of 1soamyl nitrite was added dropwise to a
mixture of 0.26 g of methyl [3-{2-amino-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl]phenoxy }-2-pyridylthio]acetate, 0.10 g of cop-
per (1) chloride, 0.21 g of copper (1I) chloride, and 2.5 ml of
acetonitrile at room temperature, and the mixture was stirred
for 1 hour. The reaction mixture was poured into 2%
hydrochloric acid, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dried over anhydrous magne-
sium sulfate, and then concentrated. The residue was sub-
jected to silica gel column chromatography to give 0.10 g of
methyl [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } -
2-pyridylthio]acetate (compound a-8).

'H-NMR (CDCl,, 300 MHz) d(ppm): 3.54 (s, 3H), 3.75
(s, 3H), 4.01 (s, 2H), 6.33 (s, 1H), 6.9-7.0 (m, 3H), 7.42 (d,
1H, J=9.0 Hz), 8.20 (dd, 1H, J=4.1, 2.2 Hz).

Production Example 8

Production of Compound a-108

Cl
Ny
NH,
Cl
CH3 ‘ Ny
CF3\ \l/ /\[( N
\r N ‘
7 F/\ Cl

First, 1soamyl nitrite 1s added dropwise to a mixture of
methyl [3-{2-amino-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } -
6-chloro-2-pyridyloxy]acetate, copper (I) chlonde, copper
(II) chlonide, and acetonitrile at room temperature, and the
mixture 1s stirred for 1 hour. The reaction mixture 1s poured
into 2% hydrochloric acid, and the mixture 1s extracted with
cthyl acetate. The organic layer 1s washed with saturated
aqueous sodium chloride solution, dried over anhydrous

magnesium sulfate, and then concentrated. The residue 1s
subjected to silica gel column chromatography to give
methyl [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } -
6-chloro-2-pyridyloxyJacetate (compound a-108).
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Production Example 9

Production of Compound a-118

OCH;
?H3 ‘ Xy
CF; N O O
v oYY
‘ e

N O O

O
F NIL

OCH,

CF N O O
3 ‘ \]/ P a O/\l_( ™~ CH,
N F ‘ /O O
O
F X \Cl

First, 1soamyl nitrite 1s added dropwise to a mixture of
methyl [3-{2-amino-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trif-
luoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } -
6-methoxy-2-pyridyloxy]acetate, copper (I) chloride, cop-
per (II) chlornide, and acetonitrile at room temperature, and
the mixture 1s stirred for 1 hour. The reaction mixture 1s
poured mto 2% hydrochloric acid, and the mixture 1s
extracted with ethyl acetate. The organic laver 1s washed
with saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated. The
residue 1s subjected to silica gel column chromatography to
give methyl [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-
4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phe-
noxy }-6-methoxy-2-pyridyloxyJacetate (compound a-118).

Production Example. 10

Production of Compound b-5
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-continued

CH,

"“xfff\“xf’i) o

=
O /\/\ O\

Cl

First, 0.23 g of 2-{2-chloro-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenol was dissolved in 6 ml of N,N-dimethylfor-
mamide, to which 0.22 g of potassium carbonate was added
and 0.13 g of methyl 2-bromopropionate was added under
stirring at room temperature, and the mixture was stirred at
80° C. for 3 hours. The reaction mixture was cooled to room
temperature and then poured into 1ce water, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dried over anhydrous magnesium sulfate, and then concen-
trated. The residue was subjected to silica gel column
chromatography to give 0.23 g of methyl 2-[2-{2-chloro-4-
fluoro-5-[3-methyl-2,6-d1oxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy }phenoxy]|propionate
(compound b-3).

"H-NMR (CDCl,, 250 MHz) 6(ppm): 1.47 (d, 3H, J=6.8
Hz), 3.50 (q, 3H, J=0.7 Hz), 3.6-3.8 (m, 3H), 4.6-4.8 (m,
1H), 6.28 (s, 1H), 6.7-6.8 (m, 1H), 6.8-6.9 (m, 1H), 6.9-7.1
(m, 1H), 7.1-7.2 (m, 2H), 7.3-7.4 (m, 1H).

Production Example 11

Production of Compound a-121

(i ~
CF; }L\Tﬁﬁo .
‘ OH
HMI::ﬂf'N“\,f’ ‘ O
O
g / \ ]
T
CF4

N O
Y O
N O k((]
I I O
F Cl \C4Hgt

First, 0.20 g of 2-{2-chloro-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(tritfluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenol was dissolved in 2 ml of N,N-dimethylfor-
mamide, to which 0.083 g of potasstum carbonate was

O
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added, and the mixture was stirred at room temperature for
50 minutes. Then, 0.077 g of t-butyl chloroacetate was
added, and the mixture was stirred at 40° C. to 60° C. for 2
hours. After left for cooling, 1ce water was poured 1nto the
reaction mixture, and after addition of ethyl acetate and
saturated aqueous sodium chloride solution, the mixture was
subjected to phase separation. The organic layer was washed
with saturated aqueous sodium chloride solution, dried over
magnesium sulfate, and then concentrated. The residue was
subjected to silica gel column chromatography (eluent:
n-hexane/ethyl acetate=6/1) to give 10.39 g of t-butyl [2-{2-
chloro-4-tluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } phenoxy]acetate
(compound a-121).

"H-NMR (CDCl,, 250 MHz) 8(ppm): 1.44 (s, 9H), 3.49
(d, 3H, J=1.1 Hz), 4.53 (s, 2H), 6.27 (s, 1H), 6.80 (d, 1H,
J=6.6 Hz), 6.8-7.2 (m, 4H), 7.35 (d, 1H, J=8.9 Hz);

m.p.: 55.6° C.

The physical properties of compounds produced by the
same process as described i Production Examples 10 and
11 are shown below.

CHj,

CF; N 0

N, H;

Ethyl 2-[2-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-
(trifluvoromethyl)-1,2,3,6-tetrahydropyrimidin-1-vyl]
phenoxy }phenoxy|propionate (compound b-9)

"H-NMR (CDCl,, 250 MHz) 8(ppm): 1.23 (t, 3H, J=7.1
Hz), 1.47 (d, 3H, J=6.8 Hz), 3.50 (s, 3H), 4.1-4.3 (im, 2H),
4.6-4.8 (m, 1H), 6.3-6.4 (m, 1H), 6.7-7.0 (m, 3H), 7.0-7.2
(m, 2H), 7.3-7.4 (m, 1H).

CIHL, ‘/\

CF» 1‘\T 0 PN

r X

Ethyl [2-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-
(trifluvoromethyl)-1,2,3,6-tetrahydropyrimidin-1-vyl]
phenoxy }phenoxy]acetate (compound a-9)

"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.26 (t, 3H, J=7.1
Hz), 3.50 (s, 3H), 4.19 (q, 2H, J=7.2 Hz), 4.64 (s, 2H), 6.28
(s, 1H), 6.7-6.8 (im, 1H), 6.9-7.2 (m, 4H), 7.36 (d, 1H, J=8.8
Hz).
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Example 12

Production

Production of Compound a-28

CIHL, ‘/\N
CF, NYO \%\ 0
O/\(
\EITN 0 O
s
Cl
(‘3H3 ‘ SN
CT; N O s /YO
N s <: O
F"‘ : :c1

A mixture of 0.30 g of methyl [3-{2-chloro-4-fluoro-5-
[3-methyl-2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]phenoxy }-2-pyridyloxyJacetate (compound
a-6), 0.06 g of sodium carbonate, and 3.0 ml of cyclopen-
tanol was stirred at 100° C. for 1.5 hours and then at 120°
C. for 2 hours. The reaction mixture was cooled to room
temperature and then poured into water, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated. The
residue was subjected to silica gel column chromatography
to give 0.15 g of cyclopentyl [3-{2-chloro-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-

rimidin-1 -yl]phenoxy} -2-pyridyloxyJacetate  (compound
a-28).

Production Example 13

Production of Compound a-10
CH3 ‘/\N
CF O
3 \f \%\O/\(
N ‘ O /O
CH3 ‘
\[’( o
Cl

A mixture of 0.60 g of methyl [3-{2-chloro-4-fluoro-5-
[3-methyl-2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
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pyrimidin-1-yl]phenoxy } -2-pyridyloxyJacetate (compound
a-6), 0.13 g of sodium carbonate, and 7.0 ml of ethanol was
heated at retlux for 2 hours. After cooling to room tempera-
ture, the solvent was distilled out under reduced pressure,
and the residue was subjected to silica gel chromatography
to give 0.55 g of ethyl [3-{2-chloro-4-fluoro-5-[3-methyl-
2,6-diox0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1-yl]phenoxy }-2-pyridyloxyJacetate (compound a-10).
"H-NMR (CDCl,, 250 MHz) 8(ppm): 1.25 (t, 3H, J=7.1
Hz), 3.50 (q, 3H, J=1.2 Hz), 4.16 (q, 2H, J=7.1 Hz), 4.88 (d,
1H, J=15.9 Hz), 4.96 (d, 1H, J=15.9 Hz), 6.29 (s, 1H),
6.9-7.0 (m, 2H), 7.3-7.4 (m, 2H), 7.9-8.0 (m, 1H).

Production Example 14

Production of Compound a-14

(‘ng ‘/'\N
CF N 0O O
3 ‘ \( / O/Y
N 0
e
0O
F Cl
(\jHB /\
CF; N\(O /\]/
N ‘/ >
O . \ \

A mixture of 0.60 g of methyl [3-{2-chloro-4-fluoro-5-
|3-methyl-2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]phenoxy }-2-pyridyloxyJacetate (compound
a-6), 0.13 g of sodium carbonate, and 7.0 ml of n-propanol
was stirred under reflux for 2 hours. After cooling to room
temperature, the solvent was distilled out under reduced
pressure, and the residue was subjected to silica gel column
chromatography to give propyl [3-{2-chloro-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl|phenoxy}-2-pyridyloxy]acetate ~ (compound
a-14).

'"H-NMR (CDCl,, 300 MHz) d(ppm): 0.89 (t, 3H, J=7.3
Hz), 1.63 (qt, 2H, J=7.3, 6.5 Hz), 3.50 (g, 3H, J=0.8 Hz),
4.06 (t, 2H, J=6.5 Hz), 4.89 (d, 1H, J=16.0 Hz), 4.97 (d, 1H,
J=16.0 Hz), 6.28 (s, 1H), 6.91 (dd, 1H, J=7.8, 5.0 Hz), 6.93
(d, 1H, J=6.5 Hz), 7.31 (dd, 1H, J=7.8, 1.6 Hz), 7.36 (d, 1H,
J=8.9 Hz), 7.91 (dd, 1H, J=5.0, 1.6 Hz).
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Production

Example 15

Production of Compound a-20

(‘3H3 ‘/\N
‘ O
N O O
cuy”
O
F Cl
(‘?H3 (\N
CFin_ /N 0 . 0
NI I =

A mixture of 0.30 g of methyl [3-{2-chloro-4-fluoro-5-
[3-methyl-2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]phenoxy }-2-pyridyloxyJacetate (compound
a-6), 0.06 g of sodium carbonate, and 3.0 ml of n-pentanol
was stirred at 100° C. for 1.5 hours. After cooling to room
temperature, the reaction mixture was poured 1nto water, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate, and then
concentrated. The residue was subjected to silica gel column
chromatography to give 0.07 g of pentyl [3-{2-chloro-4-
fluoro-5-[3-methyl-2,6-d1oxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy }-2-pyridyloxy]acetate
(compound a-20).

"H-NMR (CDCl,, 300 MHz) 8(ppm) 0.88 (t, 3H, J=6.6
Hz), 1.2-1.4 (m, 4H), 1.5-1.7 (m, 2H), 3.50 (g, 3H, J=1.0
Hz), 4.0-4.2 (m, 2H), 4.8-5.1 (m, 2H), 6.29 (s, 1H), 6.9-7.0
(m, 2H), 7.28 (dd, 1H, J=7.9, 1.4 Hz), 7.37 (d, 1H, J=9.0
Hz), 7.91 (dd, 1H, J=4.9, 1.4 Hz).

Production

Example 16

Production of Compound b-19

X
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First, 2-[2-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-
(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxy|propionic acid (compound b-1) is dis-
solved 1n tetrahydrofuran, to which thionyl chloride 1s added
under stirring, and the mixture 1s heated and stirred under
reflux. After left for cooling and the subsequent concentra-
tion, the residue 1s dissolved 1n tetrahydrofuran (heremafter
referred to as solution A). Tetrahydrofuran 1s added to
1-pentyl alcohol, to which solution A 1d added and pyridine
1s then added. After stirring at room temperature, 2% aque-
ous hydrochloric acid 1s added to the reaction mixture, and
the mixture 1s extracted with ethyl acetate. The organic layer
1s washed with saturated aqueous sodium chloride solution,
dried over magnesium sulfate, and then concentrated. The
residue 1s subjected to silica gel column chromatography
(eluent: hexane/ethyl acetate=5/1) to give pentyl 2-[2-{2-
chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } phenoxy [propi-
onate (compound b-19).

Production Example 17

Production of Compound a-21

B B
P /N\]/O a
‘\I'rN O O
O OH
F Cl
CH, ‘/\
CFE; I‘\IYO Y\O
N\ /\‘ /o O
NN N X

First, 1.0 g of [2-{2-chloro-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxylacetic acid (compound a-1) was dis-
solved 1n tetrahydrofuran, to which 0.7 ml of thionyl
chloride was added under stirring, and the mixture was
heated and stirred under reflux for 2 hours. After left for
cooling and the subsequent concentration, the residue was
dissolved 1n 3 ml of tetrahydrofuran (hereinafter referred to
as solution B). Then, 0.7 ml of tetrahydrofuran was added to
0.05 g of allyl alcohol, to which a third part of solution B
was added and 0.17 ml of pyridine was then added. After
stirring at room temperature for 2 hours, 2% aqueous
hydrochloric acid was poured into the reaction mixture, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with saturated aqueous sodium chloride
solution, dried over magnesium sulfate, and then concen-
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trated. The residue was subjected to silica gel column
chromatography (eluent: hexane/ethyl acetate=5/1) to give
0.08 g of allyl [2-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-
4-(trifluvoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxy]acetate (compound a-21).

'"H-NMR (CDCl,, 300 MHz) 8(ppm): 3.50 (d, 3H, J=1.2
Hz), 4.62-4.64 (m, 2H), 4.68 (s, 2H), 5.22-5.32 (m, 2H),
5.8-6.0 (m, 1H), 6.28 (s, 1H), 6.76 (d, 1H, J=6.5 Hz),
6.91-7.14 (m, 4H), 7.35 (d, 1H, J=8.6 Hz).

Production Example 18

Production of Compound a-123

b Cl

First, 1.5 g of [2-{2-chloro-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxylacetic acid (compound a-1) was dis-
solved 1n 6 ml, to which 1 ml of thionyl chloride was added
under stirring, and the mixture was heated and stirred under
reflux for 2 hours and 10 minutes. After left for cooling and
the subsequent concentration, the residue was dissolved 1n 3
ml of tetrahydrofuran (hereinaiter referred to as solution C).
Then, 1 ml of tetrahydrofuran was added to 0.273 g of
1sobutyl alcohol, to which a third part of solution C was
added and 0.25 ml of pyridine was then added. After stirring
at room temperature for 2 hours, 2% aqueous hydrochloric
acid was poured into the reaction mixture, to which ethyl
acetate was added, and the mixture was subjected to phase
separation. The organic layer was washed with saturated
aqueous sodium chloride solution, dried over magnesium
sulfate, and then concentrated. The residue was subjected to
silica gel column chromatography (eluent: hexane/ethyl
acetate=6/1) to give 0.34 g of isobutyl [2-{2-chloro-4-
fluoro-5-[3-methyl-2,6-d1oxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy }phenoxy]acetate (com-
pound a-123).

'H-NMR (CDCl,, 250 MHz) 8(ppm): 0.89 (d, 6H, J=6.7
Hz), 1.8-2.0 (m, 1H), 3.50 (d, 3H, J=1.2 Hz), 3.92 (d, 2H,
1=6.7 Hz), 4.67 (s, 2H), 6.28 (s, 1H), 6.77 (d, 1H, J=6.6 Hz),
6.85-7.15 (m, 4H), 7.36 (d, 1H, J=8.9 Hz).
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Production

Example 19

Production of Compound a-104

CF;

Cl
CH; ‘/\ N

First, 0.13 g of 1-[3-(dimethylamino)propyl]-3-ethylcar-
bodiimide hydrochloride was added to a mixture of 0.30 g
of [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyrimidin-1-yl|phenoxy }-2-
pyridyloxyJacetic acid (compound a-2), 36 mg ol o-meth-
ylhydroxylamine, 68 mg of tricthylamine, and 2 ml of
N,N-dimethylformamide at room temperature, and the mix-
ture was stirred for 2 hours. The mixture was poured 1nto
water, and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous magnesium sulfate
and then concentrated. The residue was subjected to silica
gel column chromatography to give 90 mg of N-methoxy-
[3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluorom-
ethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy }-2-py-
ridyloxyJacetamide (compound a-104).

"H-NMR (CDCl,, 300 MHz) 6(ppm): 3.52 (s, 3H), 3.74
(s, 3H), 4.87 (s, 2H), 6.32 (s, 1H), 6.71 (d, 1H, J=6.0 Hz),
6.99 (dd, 1H, J=7.6, 5.0 Hz), 7.38 (dd, 1H, J=7.6, 1.7 Hz),
7.44 (d, 1H, J=8.7 Hz), 8.00 (dd, 1H, J=5.0, 1.7 Hz), 8.7-9.0
(bs, 1H).

Production Example 20

Production of Compound a-32

TH3 ‘/\ N
CF- N O = O
‘ \f O/Y
N O OH
O
b Cl
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-continued

N Y
T L.

First, 0.13 g of 1-[3-(dimethylamino)propyl]-3-ethylcar-
bodiimide hydrochloride was added to a mixture of 0.30 g
of [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy }-2-
pyridyloxy]acetic acid (compound a-2), 60 mg of methyl
glycolate, and 2 ml of N,N-dimethylformamide at room
temperature, and the mixture was stirred for 1.5 hours. The
mixture was poured into water, and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-
raphy to give 0.18 g of methyl [3-{2-chloro-4-fluoro-5-|3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl|phenoxy }-2-pyridyloxy]acetoxyacetate
(compound a-32).

"H-NMR (CDCl,, 300 MHz) 8(ppm): 3.50 (s, 3H), 3.74
(s, 3H), 4.65 (s, 2H), 5.01 (d, 1H, J=16.2 Hz), 5.09 (d, 1H,
J=16.2 Hz), 6.28 (s, 1H), 6.88 (d, 1H, J=6.7 Hz), 6.93 (dd,
1H, J=7.8,4.9Hz), 7.32 (dd, 1H,J=7.8,1.4 Hz), 7.37 (d, 1H,
J=9.0 Hz), 7.93 (dd, 1H, J=4.9, 1.4 Hz).

Production

/

Example 21

Production of Compound a-98

(‘3H3 ‘/\N
CF; N\]/O \%\o /\]/o -
‘ N A O OH
7 P X ‘ Cl

|
; L
7 \/\m CH, “CH;

First, 0.13 g of 1-[3-(dimethylamino)propyl]-3-ethylcar-
bodiimide hydrochloride was added to a mixture of 0.30 g
of [3-{2-chloro-4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy }-2-
pyridyloxy]acetic acid (compound a-2), 49 mg of acetone
oxime, and 2 ml of N,N-dimethylformamide at room tem-
perature, and the mixture was stirred for 2 hours. The
mixture was poured into water, and the mixture was
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extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-
raphy to give 0.16 g of acetone O-[3-{2-chloro-4-fluoro-5-
|3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]phenoxy } -2-pyridyloxyJacetyloxime
(compound a-98).

"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.94 (s, 3H), 2.01
(s, 3H), 3.49 (s, 3H), 5.0-5.2 (m, 2H), 6.27 (s, 1H), 6.92 (dd,
1H, I=7.8,4.9 Hz), 6.98 (d, 1H, J=6.5 Hz), 7.3-7.4 (m, 2H),
7.92 (d, 1H, J=4.9 Hz).

The following will describe production examples for
intermediates 1n the production of compounds (1).

Reference Production Example 1

Step 1:
[
CF; NYO
‘ N F
n
O
F NO»
‘ AN
N .
o/
OH
®
" ()T
CE N O
3 ‘ \( P O/
N O
O
F NO,

A mixture of 4.05 g of 2-benzyloxyphenol and 9.5 ml of
N,N-dimethylformamide was added dropwise to a mixture
of 0.80 g of sodium hydride and 20 ml of N,N-dimethyl-
formamide under 1ce cooling, and the mixture was stirred for
30 minutes. A mixture of 7.1 g of 2,5-difluoro-4-|3-methyl-
2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1-yl]nitrobenzene and 17 ml of N,N-dimethylformamide
was added dropwise at the same temperature, and the
mixture was stirred for 1 hour. The reaction mixture was
poured 1nto 1ce water, and the mixture was extracted with
cthyl acetate. The organic layer was washed once with 1N
hydrochloric acid and once with saturated aqueous sodium
chlonide solution, dried over anhydrous magnesium sulfate,

and then concentrated. The residue was subjected to silica
gel column chromatography to give 8.6 g of 2-(2-benzylox-
yphenoxy)-5-tluoro-4-[3-methyl-2,6-dioxo-4-(trifluorom-
cthyl)-1,2,3,6-tetrahydropyrimidin-1-ylnitrobenzene.
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'H-NMR (CDCl,, 250 MHz) 8(ppm): 3.52 (g, 3H, J=1.1
Hz), 5.01 (s, 2H), 6.31 (s, 1H), 6.81 (d, 1H, J=6.0 Hz),
6.9-7.1 (m, 2H), 7.1-7.4 (m, 7H), 7.78 (d, 1H, J=8.7 Hz).

Step 2:

B
CH, AN =
CF; 111\]/0 ‘ = i
‘ N / /O
|
7 F A \N02

‘ N
D N

~
\
/N

F NH,

To a mixture of 8.6 g of 1rron powder, 27 ml of acetic acid,
and 2.7 ml of water was added dropwise a solution of 8.6 g
of 2-(2-benzyloxyphenoxy)-3-fluoro-4-[3-methyl-2,6-di-
0x0-4-(tritfluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
nitrobenzene 1 23 ml of acetic acid, while the temperature
of the reaction mixture was kept at 35° C. or lower. After
completion of the dropwise addition, the reaction mixture
was stirred for 2 hours and then filtered through Celite. The
filtrate was diluted with ethyl acetate. The mixture was
neutralized with saturated aqueous sodium bicarbonate solu-
tion. The organic layer was washed with saturated aqueous
sodium chloride solution, dried over anhydrous magnesium
sulfate, and then concentrated. The residue was subjected to
silica gel column chromatography to give 6.46 g of 2-(2-
benzyloxyphenoxy)-3-fluoro4-[3-methyl-2,6-dioxo-4-(trii-
luoromethyl)-1,2, 3,6-tetrahydropyrimidin-1-yl]aniline.

"H-NMR (CDCl,, 250 MHz) 6(ppm): 3.50 (q, 3H, J=1.2
Hz), 5.06 (s, 2H), 6.29 (s, 1H), 6.57 (dd, 1H, J=8.5, 1.6 Hz),
6.9-7.0 (m, 1H), 7.0-7.1 (m, 3H), 7.2-7.4 (m, 6H).

Step 3:

R
CH; 7
CF3\ /I*‘JYO i
‘\"/N\/ O
YN ‘ \IL
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-continued

CH, ‘/\

XX
Y\O
O

First, 4.46 g of 1soamyl nitrite was added dropwise to a
mixture of 6.46 g of 2-(2-benzyloxyphenoxy)-3-fluoro-4-
[|3-methyl-2,6, -dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahy-
dropyrimidin-1-yl]aniline, 2.45 g of copper (I) chloride, 5.04
g of copper (II) chlornide, and 90 ml of acetonitrile at room
temperature, and the mixture was stirred for 1 hour. The
reaction mixture was poured 1mnto 2% hydrochloric acid, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with saturated aqueous sodium chloride

solution, dried over anhydrous magnesium sulfate, and then
concentrated. The residue was subjected to silica gel column
chromatography to give 4.6 g of ([2-{2-chloro-4-fluoro-5-
[3-methyl-2,6-d1ox0-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]phenoxy }phenoxy|methyl)benzene.

m.p.: 50.8° C.

Step 4:
‘/\
Lo LY
L
O N ‘ .

D,

CF N O
N F ‘ /O
O
b X \Cl

To 4.5 g of ([2-{2-chloro-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
phenoxy }phenoxy|methyl)benzene were added 230 ml of
cthyl acetate and 0.46 g of 10% palladium/carbon, and the
mixture was stirred at room temperature under an atmo-
sphere of hydrogen gas for 5 hours. The gas in the atmo-
sphere on the reaction system was replaced with nitrogen
gas, and the reaction mixture was filtered through Celite.
The filtrate was concentrated to give 3.57 g of 2-{2-chloro-
4-fluoro-5-3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-
tetrahydropyrimidin-1-yl]phenoxy } phenol.

m.p.: 535.4° C.
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Reference Production Example 2

I
CF; N ®
‘ \f 0
Xx e
O O
i X Cl e,
T
CF N O
N O /]\(0
O j;/j\r OH
b Cl
First, 0.365 g of methyl 2-[2-{2-chloro-4-fluoro-5-[3-

methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl]phenoxy }phenoxy|propionate was dissolved in
4 ml of 1,4-dioxane, to which a mixed solution of 1 ml of
concentrated hydrochloric acid and 1 ml of water was added
under stirring, and the mixture was heated and stirred under
reflux for 5 hours and 45 minutes. The reaction mixture was
then left for cooling, into which 1ce water was poured, and
alter addition of ethyl acetate and saturated aqueous sodium
chloride solution, the mixture was subjected to phase sepa-
ration. To the organic layer was added aqueous sodium
hydrogencarbonate solution, and the mixture was subjected
to phase separation. To the aqueous layer was added aqueous
hydrochloric acid solution for acidification, to which ethyl
acetate was added, and the mixture was subjected to phase
separation. The organic layer was washed with saturated
aqueous sodium chloride solution, dried over magnesium
sulfate, and then concentrated to give 0.183 g of 2-[2-{2-
chloro-4-tluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } phenoxy [propi-
onic acid.

'"H-NMR (CDCl,, 250 MHz) 8(ppm): 1.53 (d, 3H, J=6.9
Hz),3.51 (s,3H), 4.76-4.83 (m, 1H), 6.32 (d, 1H, J=3.5 Hz),
6.63—6.67 (m, 1H), 7.0-7.1 (m, 2H), 7.1-7.2 (m, 2H), 7.38
(d, 1H, J=9.0 Hz).

Reference Production Example 3
CH,

CF, N 0
\]/ o
\ -
N O O
/ ‘
O
I3

.
O
R - ~

CH;
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-continued

|
N O
T T
N O kﬁo
XX T

b Cl

First, 0.4 g of methyl. [2-{2-chloro-4-fluoro-5-[3-methyl-
2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1-yl]phenoxy } phenoxyacetate was dissolved in 4 ml of
1,4-dioxane, to which a mixed solution of 1 ml of concen-
trated hydrochloric acid and 1 ml of water was added under
stirring, and the mixture was heated and stirred under reflux
for 12 hours. The reaction mixture was then leit for cooling,
into which 1ce water was poured, and after addition of ethyl
acetate and saturated aqueous sodium chloride solution, the
mixture was subjected to phase separation. To the organic
layer was added aqueous sodium hydrogencarbonate solu-
tion, and the mixture was subjected to phase separation. To
the aqueous layer was added aqueous hydrochloric acid
solution for acidification, to which ethyl acetate was added,
and the mixture was subjected to phase separation. The
organic layer was washed with saturated aqueous sodium
chlonide solution, dried over magnesium sulfate, and then
concentrated to give 0.252 g of [2-{2-chloro-4-fluoro-5-[3-
methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropy-
rimidin-1-yl]phenoxy }phenoxy]acetic acid.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.50 (d, 3H, J=1.2

Hz), 4.66 (s, 2H), 6.31 (s, 1H), 6.69 (d, 1H, J=6.5 Hz),
6.98-7.20 (m, 4H), 7.38 (d, 1H, J=8.8 Hz).

X

CF;

O

Reference Production Example 4

Step 1:
H
H;C N F
\ﬂ/ )
O
F NO»,
B
CHsj
S o0
OH
®
Y\ /CHS
O
H
H3C\’rN O
O
F NO,

First, 2.73 g of 2-methoxyphenol and 3.5 g of potassium
carbonate were added to 20 ml of N,N-dimethylformamaide,
and the temperature was increased to 60° C. To the mixture
was added dropwise a solution consisting of 4.3 g of

N-(2,5-difluoro-4-nitrophenyl)acetamide and 30 ml of N,N-
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dimethylformamide at a temperature of 60° C. to 65° C.
After stirring while keeping the temperature for 1 hour, the
mixture was cooled to room temperature and then poured
into water, and the mixture was extracted with ethyl acetate.
The organic layer was washed with diluted hydrochloric
acid and water, dried over magnesium sulfate, and then
concentrated to give 5.52 g of N-[2-fluoro-5-(2-methox-
yphenoxy )-4-nitrophenyl]acetamide.

"H-NMR (250 MHz, CDCl,) 8(ppm): 2.16 (3H, s), 3.78
(3H, s), 6.85-7.22 (4H, m), 7.75-7.83 (1H, br), 7.83 (1H, d,
I1=10.7 Hz), 8.04 (1H, d, J=6.9 Hz).

Step 2:
»
CH
A
H ———
HBC\I'rN O
O
F NO,
OH
H;C % O
3
T N
I \
F/ A NO,

First, 5.4 g of N-[2-fluoro-5-(2-methoxyphenoxy)-4-ni-
trophenyl]acetamide was dissolved 1n 50 ml of methylene
chloride, to which 4.7 g of boron tribromide was added
under 1ce cooling. After stirring at the same temperature for
2 hours, concentrated hydrochloric acid was added, and the
mixture was poured into water, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with water, dried over magnesium sulfate, and then concen-
trated. The resulting crystals were washed with t-butyl
methyl ether to give 3.2 g of N-[2-fluoro-5-(2-hydroxyphe-
noxy )-4-nitrophenyl]acetamide.

"H-NMR (300 MHz, CDCL,) 8(ppm): 2.20 (3H, s), 6.33
(1H, bs), 6.86-7.23 (4H, m), 7.63 (1H, bs), 7.81 (1H, d,
J=10.3 Hz), 8.34 (1H, d, J=6.7 Hz).

Step 3:
D
/ OH
H ——.
ch\IrN O
O II
F NO,
B
F .
H-C E O O
3
\’r N
O ‘ O
F X \N(Z)g NCH;
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First, 3.02 g of N-[2-fluoro-3-(2-hydroxyphenoxy)-4-ni-
trophenyl]acetamide was dissolved 1 20 ml of N,N-dim-
cthylformamide, to which 1.5 g of potassium carbonate was
added, and the mixture was stirred at room temperature for
1 hour. Then, 1.6 g of methyl bromoacetate was added at
room temperature. After stirring at the same temperature for
2 hours, the mixture was poured into water, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with diluted hydrochloric acid and water, dried over
magnesium sulfate, and then concentrated. The resulting
crystals were washed with t-butyl methyl ether to give 3.01
g of methyl [2-(5-acetylamino-4-fluoro-2-nitrophenoxy)
phenoxy |acetate.

"H-NMR (250 MHz, CDCL,) 8(ppm): 2.16 (3H, s), 3.73

(3H, 5), 4.62 (2H, s), 6.95-7.26 (4H, m), 7.71 (1H, bs), 7.85
(1H, d, -10.7 Hz), 8.06 (1H, d, ]-6.9 Hz).
Step 4:
X
F .
H
ch\IrN k(o
O O
P cn;
B
Y
H»C % O O
3 \I'r \/ ‘
O O
F/\ NH, e,

To a mixture of 40 ml of acetic acid and 40 ml of water
was added 2.2 g of ron powder, and the temperature was
increased to 80° C. To the mixture was added 3.0 g of methyl
| 2-(5-acetylamino-4-fluoro-2-nitrophenoxy)phenoxyjac-
etate, and the mixture was heated at reflux for 30 minutes.
The mixture was then poured into water, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with water and saturated aqueous sodium bicarbon-
ate solution, dried over magnesium sulfate, and then con-
centrated to give 2.01 g of methyl [2-(5-acetylamino-2-
amino-4-fluorophenoxy )phenoxy]acetate.

'H-NMR (250 MHz, CDCl,) &(ppm): 2.11 (3H,
3.31-4.15 (2H, br), 3.76 (3H, s), 4.71 (2H, s), 6.54 (1H,
J=11.9 Hz), 6.90-7.01 (4H, m), 7.17 (1H, bs), 7.69 (1H,
J=7.5 Hz).

Step J:

5),
d,
d

3

H
chTN
O

5

10

15

20

25

30

35

40

45

50

55

60

65

34
-continued
&
Y
H-C % O O
3 T = ‘ P
O O
F N N e,

To 30 ml of concentrated hydrochloric acid was added 2.0
g of methyl [2-(5-acetylamino-2-amino-4-tluorophenoxy)
phenoxy|acetate, and the mixture was stirred at room tem-
perature for 1 hour. Then, an aqueous solution consisting of
0.42 g of sodium nitrite and 3 ml of water was added under
ter stirring at the same temperature for 1 hour,

ice cooling. AT

40 ml of t-butyl methyl ether was added and 0.85 g of copper
(I) chloride was added. After stirring for 30 minutes, water
was added, and the mixture was extracted with t-butyl
methyl ether. The organic layer was washed with water,
dried over magnesium sulfate, and then concentrated. The
residue was subjected to column chromatography (eluent:
hexane/ethyl acetate=2/1) to give 0.52 g of methyl [2-(5-

acetylamino-2-chloro-4-fluorophenoxy )phenoxylacetate.

m.p.: 138.9° C.
Step 6:
B
\‘/
HAC %
O F/\/\ \
B
P N
H>N / ‘/ O
O
F X ~a e,
To 10 ml of a methanol solution of a boron trifluoride
methanol complex was added 0.25 g of methyl [2-(5-

acetylamino-2-chloro-4-fluorophenoxy )phenoxy]acetate,
and the mixture was heated and stirred for 3 hours. The
reaction mixture was then concentrated. The residue was
dissolved in ethyl acetate, and the solution was washed with
saturated aqueous sodium bicarbonate solution, dried over
magnesium sulfate, and then concentrated to give 0.2 g of
methyl [2-(5-amino-2-chloro-4-fluorophenoxy )phenoxy|ac-
ctate.

"H-NMR (250 MHz, CDCL,) 8(ppm): 3.74 (3H, s), 3.86
(2H, br), 4.70 (2H, s), 6.36 (1H, d, J=8.21 Hz), 6.83-7.09
(SH, m).



Us 7,109,148 B2

35

Reference Production Example 5

F \N02

First, 1.77 g of 2.,4,5-trifluoronitrobenzene and 1.94 g of
3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidine were dissolved 1n 10 ml of dimethylsulfoxide, to
which 1.52 g of anhydrous potasstum carbonate was added
at room temperature, and the mixture was stirred at 80° C.
for 1 hour. The reaction mixture was cooled to room
temperature and then poured into 1ce water, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dried over anhydrous magnesium sulfate, and then concen-
trated. The residue was subjected to silica gel column
chromatography to give 1.51 g of 2,5-difluoro-4-[3-methyl-
2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1 -yl]nitrobenzene.

m.p.: 150° C.

Reference Production Example 6

F NO,

/

\
/

OH O
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-continued

I
N

-

NG
|

A mixture of 15.16 g of methyl (2-hydroxyphenoxy)
acetate, 29.23 g of 2,5-difluoro-4-[3-methyl-2,6-d1ox0-4-
(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]ni-
trobenzene, 11.5 g of anhydrous potassium carbonate, and
160 ml of N,N-dimethylformamide was stirred at room
temperature for 30 minutes and then at 70° C. for 3 hours.
Another 5 g of methyl (2-hydroxyphenoxy)acetate was
added, and the mixture was stirred for 1 hour. The reaction
mixture was poured into 2% aqueous hydrochloric acid
solution, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated aqueous
sodium chloride solution, dried over anhydrous magnesium
sulfate, and then concentrated. The residue was subjected to
silica gel column chromatography to give 17.8 g of methyl
[2-{4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,
3,6-tetrahydropyrimidin-1-yl]-2-nitrophenoxy } phenoxy]ac-
ctate.

"H-NMR (CDCl,, 300 MHz) 8(ppm): 3.50 (q, 3H, J=1.0
Hz), 3.70 (s, 3H), 4.63 (s, 2H), 6.28 (s, 1H), 6.88 (d, 1H,
J=8.4 Hz), 6.93 (d, 1H, J=6.0 Hz), 7.0-7.1 (m, 1H), 7.1-7.3
(m, 2H), 7.87 (d, 1H, J=8.7 Hz).

Reference Production Example 7
e
Ck N O
3 ‘ Y s O
N O O
O O
F NO, “NCH,
0
CF3n_ ‘/N\]/o /\o
\H/N\ /\‘ /O O
O O
F/ \/\NHz \CH3

To a mixture of 19 g of iron powder, 60 ml of acetic acid,
and 6 ml of water was added dropwise a solution of 19.12
g of methyl [2-{4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyrimidin-1-y1]-2-
nitrophenoxy }phenoxy]acetate in 60 ml of acetic acid under
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ice cooling. After completion of the dropwise addition, the
temperature was increased to room temperature, and the
mixture was stirred for 4 hours. The reaction mixture was
filtered through Celite, and the filtrate was diluted with ethyl
acetate. The mixture was washed with water, saturated
aqueous sodium bicarbonate solution and saturated aqueous
sodium chloride solution, dried over anhydrous magnesium
sulfate, and then concentrated. The residue was subjected to
silica gel chromatography to give 15.16 g of methyl [2-{2-
amino-4-fluoro-3-[3-methyl-2,6-dioxo-4-(tritfluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]phenoxy } phenoxy]ac-
ctate.

"H-NMR (CDCl,, 250 MHz) d(ppm): 3.51 (q, 3H, J=0.9
Hz), 3.76 (s, 3H), 4.2-4.4 (b, 2H), 4.69 (s, 2H), 6.29 (s, 1H),
6.6-6.7 (m, 2H), 6.9-7.1 (m, 4H).

Reference Production Example 8

Step 1:
®
Yy —
HzN\ /\‘ /O O
O
F/ \/\Cl \CH3
A
OH
CF; OH /\o
8
N O O
O O
F Cl e,

A solution consisting of 4.85 g of methyl [2-(5-amino-2-
chloro-4-fluorophenoxy)phenoxy|acetate, 2.88 g of ethyl
trifluoroacetoacetate, and 40 ml of toluene was azeotropi-
cally distilled for 6 hours, while passing through molecular
sieves SA to remove ethanol. The reaction mixture was
cooled, and 30 ml of ethyl acetate was then added. The
organic layer was washed with concentrated hydrochloric
acid, water and saturated aqueous sodium chloride solution,
dried over anhydrous sodium sulfate, and then concentrated
under reduced pressure. The residue was washed with hex-
ane to give 5.82 g of crude methyl [2-(5-{3,3-dihydroxy-4,
4.,4-triftuorobutyryl }amino-2-chloro-4-fluorophenoxy )phe-
noxy |acetate.

m.p.: 165.3° C.
Step 2:

H
OH
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-continued

f ‘/\
Cl3 ILYO Y
‘ 566 kf
To a solution of 1.0 g of crude methyl[2-(5-{3,3-dihy-
droxy-4,4,4-trifluorobutyryl famino-2-chloro-4-fluorophe-
noxy )phenoxylacetate and 3 ml of tetrahydrofuran were
added 4 ml of acetic acid and 0.87 g of potassium cyanate,
and the mixture was stirred at room temperature for 6 hours
and then heated at reflux at 120° C. for 2 hours. After
cooling, 30 ml of water was added, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium bicarbonate solution, water
and saturated aqueous sodium chloride solution, dried over
anhydrous sodium sulfate, and then concentrated under
reduced pressure. The residue was subjected to silica gel
column chromatography to give 0.67 g of methyl [2-{2-
chloro-5-]2,6-d1oxo-4-(trifluoromethyl)-1,2,3,6-tetrahydro-
pyrimidin-1-yl]-4-fluorophenoxy } phenoxy]acetate.
"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.72 (3H, s), 4.65

(2H, s), 6.16 (1H, s), 6.77 (1H, d, J=6.6 Hz), 6.89-7.15 (4H,
m), 7.36 (1H, d, J=8.9 Hz).

Reference Production Example 9
Step 1
OYC}Q
NH = ‘ / +
F A \N02
‘/\N
\%\ /\(
/
]
O CH O
Y 3 / O/Y
HN\/\‘/ CH3/O
NN,

First, 2.08 g of potassium carbonate was added to a
solution of 3.0 g of 3-hydroxy-2-(methoxycarbonyl)meth-
oxypyridine, 2.95 g of N-(2,5-difluoro-4-nitrophenyl)aceta-
mide, and 40 ml of N,N-dimethylformamide. The mixture
was stirred at 60° C. to 70° C. for 2 hours, cooled to room
temperature, and then poured into water. The mixture was
extracted with ethyl acetate. The organic layer was washed
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with saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated to give
crude crystals. The crude crystals were washed with diiso-
propyl ether to give 3.67 g of N-[2-fluoro-5-{2-(methoxy-
carbonyl)methoxy-3-pyridyloxy }-4-nitrophenyl]acetamide.

"H-NMR (CDCl,, 250 MHz) 6(ppm): 2.21 (s, 3H), 3.72
(s, 3H), 4.90 (s, 2H), 6.96 (dd, 1H, J=7.8, 5.0 Hz), 7.35 (dd,
1H, J=7.8, 1.6 Hz), 7.5-7.6 (b, 1H), 7.90 (d, 1H, J=10.6 Hz),
7.97 (dd, 1H, J=5.0, 1.6 Hz), 8.15 (d, 1H, J=6.8 Hz).

Step 2:

CH;

O
O/\f
/O

- Gy

\ [

\>

™~

P NH,

¢

To a mixture of 3.6 g of 1ron powder, 10 ml of acetic acid,
and 1 ml of water was added dropwise a solution of 3.67 g
of N-[2-fluoro-5-{2-(methoxycarbonyl)methoxy }-3-pyridy-
loxy|-4-mitrophenyl]acetamide, 12 ml of acetic acid, and 2
ml of ethyl acetate, while the temperature of the reaction
mixture was kept at 45° C. or lower. After completion of the
dropwise addition, the reaction mixture was stirred at 40° C.
for 1 hour. The reaction mixture was then filtered through
Celite, and the filtrate was concentrated. The residue was
diluted with saturated aqueous sodium bicarbonate solution,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
bicarbonate solution, dried over anhydrous magnesium sul-
fate, and then concentrated. The residue was washed with
duisopropyl ether to give 3.09 g of N-[4-amino-2-fluoro-5-
{2-(methoxycarbonyl)methoxy-3-pyridyloxy } phenyl]aceta-
mide.

'"H-NMR(CDCl,, 250 MHz) 8(ppm): 2.15 (s, 3H), 3.77 (s,
3H), 3.9-4.1 (b, 2H), 5.03 (s, 2H), 6.56 (d, 1H, J=11.8 Hz),
6.84 (dd, 1H, J=7.9, 5.0 Hz), 7.0-7.2 (b, 1H), 7.14 (dd, 1H,
I=7.9, 1.5 Hz), 7.80 (dd, 1H, J=5.0, 1.5 Hz), 7.84 (d, 1H,
J=7.6 Hz).

Step 3:
CH; O
O/\K
y ‘ /o O
F N \NH2
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-continued

CH3

/Y

\>

\

o ~

Cl

¢

A solution of 2.01 g of i1soamyl nitrite n 1 ml of

acetonitrile was added dropwise to a mixture of 2.0 g of
N-[4-amino-2-fluoro-5-{2-(methoxycarbonyl ) methoxy-3-
pyridyloxy } phenyl]acetamide, 1.13 g of copper (I) chloride,
2.31 g of copper (II) chlonide, and 20 ml of acetonitrile at
room temperature, and the mixture was stirred for 1 hour.
The reaction mixture was poured into 2% hydrochloric acid,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium suliate,
and then concentrated. The residue was subjected to silica
gel column chromatography to give 1.04 g of N-[4-chloro-
2-fluoro-5-{2-(methoxycarbonyl)methoxy-3-
pyridyloxy } phenyl]acetamide.
'H-NMR (CDCl;, 250 MHz) 8(ppm): 2.18 (s, 3H), 3.75
(s, 3H), 4.98 (s, 2H), 6.87 (dd, 1H, J=7.8, 4.9 Hz), 7.08 (dd,
1H, J=7.8, 1.4 Hz), 7.23 (d, 1H, J=10.3 Hz), 7.3-7.4 (b, 1H),
7.86 (dd, 1H, J=4.9, 1.4 Hz) 8.07 (d, 1H, J=7.3 Hz).

Step 4:

‘ \N
O CH O
Y 3 / O/Y
HN O /O

7 ‘/
F \ \Cl
\N
F O/\I/O
H,N O - O
F Cl

First, 20 ml of a methanol solution of a boron trifluoride
methanol complex was mixed with 1.04 g of N-[4-chloro-
2-fluoro-5-{2-(methoxycarbonyl)methoxy-3-
pyridyloxy }phenyl]acetamide, and the mixture was stirred
at 60° C. to 70° C. for 3 hours and then concentrated. The
residue was diluted with saturated aqueous sodium bicar-
bonate solution, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dried over anhydrous magne-
sium sulfate, and then concentrated. The residue was sub-
jected to column chromatography to give 0.87 g of 4-chloro-
2-fluoro-5-{2-(methoxycarbonyl)methoxy-3-
pyridyloxy }aniline.



Us 7,109,148 B2

41
'H-NMR (CDCl,, 250 MHz) 8(ppm) 3.77 (s, 3H), 3.7-3.9
(b, 2H), 5.00 (s, 2H), 6.49 (d, 1H, J=8.2 Hz), 6.88 (dd, 1H,
1=7.9, 5.0 Hz), 7.08 (d, 1H, J=10.3 Hz), 7.10 (dd, 1H, J=7.9,
1.6 Hz), 7.87 (dd, 1H, J=5.0, 1.6 Hz).

Step S
B
O
/ O/Y
H>N O O
2 N ‘ CH3/
F/\ Cl

CFng
O HN\/\

/o
F/ \/\01

A mixture of 0.5 g of 4-chloro-2-fluoro-5-{2-(methoxy-
carbonyl)methoxy-3-pyridyloxy }aniline, 0.28 g of ethyl tri-
fluoroacetoacetate, and 10 ml of toluene was azeotropically
distilled for 3 hours, while passing through molecular sieves
SA to remove ethanol. After cooling, the reaction mixture
was concentrated to give 0.71 g of N-[4-chloro-2-fluoro-5-
{2-(methoxycarbonyl)methoxy-3-pyridyloxy } phenyl|trif-
luoroacetoacetamide.

m.p.: 138.8° C.

Step 6:

Q
CF3\”/\(0 F /YO
O
O HN O O
cuy”

T

e
D \/\Cl

To a mixture of 0.71 g of N-[4-chloro-2-fluoro-5-{2-
(methoxycarbonyl)methoxy-3-pyridyloxy }phenyl|trifluoro-
acetoacetamide and 2 ml of acetic acid was added sodium
cyanate, and the mixture was stirred at 50° C. for 1 hour and
then at 110° C. for 1.5 hours. After cooling, water was
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poured into the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium bicarbonate solution, satu-
rated aqueous sodium chloride solution, dried over anhy-
drous magnesium sulfate, and then concentrated. The resi-
due was subjected to silica gel column chromatography to
give 0.30 g of 3-{2-chloro-4-fluoro-5-[2,6-dioxo-4-(trifluo-
romethyl)-1,2,3,6-tetrahydropyridin-1-yl]phenoxy}-2-
(methoxycarbonyl)methoxypyridine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.70 (s, 3H), 4.93
(s, 2/2H), 4.94 (s, 2/2H), 6.19(s, 1H), 6.9-7.0 (m, 2H),
7.3-7.4 (m, 1H), 7.38 (d, 1H, J=8.9 Hz), 7.93 (dd, 1H, J=4.9,
1.6 Hz);

m.p.:. 735.3° C.

Reterence Production Example 10

Step 1:

‘ Ny Ny
— O
= Cl = o/\ﬂ/ NCH;
NO, NO, O

First, 0.4 g of sodium hydride was added to a mixture of
1.59 g of 2-chloro-3-nitropyridine, 0.95 g of methylglyco-
late, and 10 ml of 1,4-d1oxane at 10° C. After stirring at room
temperature for 2 hours, the reaction mixture was poured
into ice water, and the mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous mag-
nesium sulfate and then concentrated. The residue was
subjected to silica gel column chromatography to give 1.5 g
of 2-(methoxycarbonyl)methoxy-3-nitropyridine.

m.p.: 61.5° C.

Step 2:
) .
O
/ O/\I‘( \CH3
NO, O

Ny

O
/ O/\I.( \CH3
NH> O

A mixture of 0.3 g of 2-(methoxycarbonyl)methoxy-3-
nitropyridine, 20 mg of platinum oxide, and 1.4 ml of
cthanol was stirred at room temperature under an atmo-
sphere of hydrogen gas for 3 hours. The gas 1n the atmo-
sphere on the reaction system was replaced with nitrogen
gas, and the reaction mixture was filtered through Celite.
The filtrate was concentrated. The residue was subjected to
silica gel column chromatography to give 0.22 g of 3-amino-
2-(methoxycarbonyl)methoxypyridine.
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"H-NMR(CDCl,, 250 MHz) 8(ppm): 3.77 (s, 3H), 3.85
(bs, 2H), 4.95 (s, 2H), 6.75 (dd, 1H, J=7.5, 5.0 Hz), 6.91 (dd,
1H, J=7.5, 1.6 Hz), 7.50 (dd, 1H, J=5.0, 1.6 Hz).
Step 3:

‘/\N
O
/ O/\ﬂ/ \CH3
NH> O
/\N

First, 1.6 g of a boron trifluoride diethyl ether complex
was added dropwise to a mixture of 1.0 g of 3-amino-2-
(methoxycarbonyl)methoxypyridine, 3 ml of 1,2-
dimethoxyethane, and 1 ml of dichloromethane at —-10° C.
After stirring at the same temperature for 10 minutes, a
solution of 0.68 g of t-butyl nitrite 1n 1 ml of 1,2-dimethoxy-
cthane was added dropwise to the reaction mixture at —5° C.
or lower. After stirring at the same temperature for 30
minutes, n-pentane was poured into the mixture. The lower
one of the two layers separated was dissolved in 5 ml of
acetic anhydride, and the solution was stirred at 80° C. for
1 hour. After the solvent was distilled out, the residue was
subjected to silica gel chromatography to give 0.45 g of

3-acetoxy-2-(methoxycarbonyl ) methoxypyridine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 2.33 (s, 3H), 3.75
(s, 3H), 4.92 (s, 2H), 6.93 (dd, 1H, J=7.7, 5.0 Hz), 7.38 (dd,
1H, J=7.7, 1.6 Hz), 7.97 (dd, 1H, J=5.0, 1.6 Hz).

Step 4:

N N
‘ :
OH O
A mixture of 0.1 g of 3-acetoxy-2-(methoxycarbonyl)
methoxypyridine, 31 mg of potassium carbonate, and 1 ml
of methanol was stirred at room temperature for 3 hours. The
reaction mixture was poured into water, and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-

raphy to give 73 mg of 3-hydroxy-2-(methoxycarbonyl)
methoxypyridine.
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'H-NMR (CDCl,, 250 MHz) 8(ppm): 3.78 (s, 3H), 4.98
(s, 2H), 6.84 (dd, 1H, J=7.7,5.0 Hz), 7.17 (dd, 1H, 1=7.7, 1.3
Hz), 7.63 (dd, 1H, J=5.0, 1.3 Hz).

Step S
[
CF; NYO
‘ N F
_|_
F NO,
‘/'\N
\%\ /\ﬂ/ \CH3
CH3 ‘ Ny
CFsn - NYO . i /\[(O\cm
\”/N\ / ‘ O O
O /\ O
2

To a mixture 01 0.29 g of 3-hydroxy-2-(methoxycarbonyl)
methoxypyridine, 0.23 g of 2,5-difluoro-4-[3-methyl-2.,6-
dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
nitrobenzene, and 3.2 ml of N,N-dimethylformamide was
added 0.11 g of potassium carbonate, and the mixture was
stirred at 70° C. for 2 hours. Another 0.12 g of 2,5-difluoro-
4-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahy-
dropyrimidin-1-yl]nitrobenzene and another 0.05 g of potas-
sium carbonate were added, and the mixture was stirred at
70° C. for 1 hour. The reaction mixture was cooled to room
temperature and then poured into 1ce water, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dried over anhydrous magnesium sulfate, and then concen-
trated. The residue was subjected to silica gel column
chromatography to give 0.39 g of 3-{4-fluoro-5-[3-methyl-
2,6-diox0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1-y1]-2-nitrophenoxy }-2-(methoxycarbonyl ) methoxypyri-
dine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.51 (q, 3H, J=1.1
Hz), 3.68 (s, 3H), 4.86 (d, 1H), 4.98 (d, 1H), 6.29 (s, 1H),
6.99 (dd, 1H, J=7.8, 4.9 Hz), 7.11 (d, 1H, J=6.0 Hz), 7.31
(dd, 1H,J=7.8,1.6 Hz), 7.87 (d, 1H, J=8.6 Hz), 7.99 (dd, 1H,
1=4.9, 1.6 Hz).

Step 6:

{[}

/ﬁrx

02



Us 7,109,148 B2

45

-continued

CH, Xy

|
CF N O O 5
3 ‘ \,l/ F O/\l_( \CH3
N F ‘/O O
O
F x \N

10
H,

To a mixture of 0.3 g of 1ron powder, 3 ml of acetic acid,
and 0.3 ml of water was added dropwise a solution of 0.30
g of 3-{4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]-2-nitrophenoxy }-2-
(methoxycarbonyl)methoxypyridine in 2 ml of acetic acid,
while the temperature of the reaction mixture was kept at 35°
C. or lower. After completion of the dropwise addition, the 20
mixture was stirred for 2 hours and then filtered through
Celite. The filtrate was diluted with ethyl acetate, and the
mixture was neutralized with saturated aqueous sodium
bicarbonate solution. The organic layer was washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated. The
residue was subjected to silica gel column chromatography
to give 0.24 g of 3-{2-amino-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl] 30
phenoxy }-2-(methoxycarbonyl)methoxypyridine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.52 (s, 3H), 3.74
(s, 3H), 4.29 (bs, 2H), 5.00 (s, 2H), 6.30 (s, 1H), 6.61 (d, 1H,
J=11.3 Hz), 6.76 (d, 1H, J=6.8 Hz), 6.86 (dd, 1H, J=7.8, 3.0 ;
Hz), 7.22 (dd, 1H, J=7.8, 1.1 Hz), 7.82 (dd, 1H, J=5.0, 1.1
Hz).
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Step 1:

First, 0.8 g of sodium hydride was added to a mixture of
3.17 g of 2-chloro-3-nitropyridine, 2.19 g of methyl lactate,
and 20 ml of 1,4-dioxane at 10° C., and the mixture was 45
stirred at room temperature for 1.5 hours. The reaction
mixture was poured into ice water, and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-
raphy to give 3.3 g of 2-{1-(methoxycarbonyl)ethoxy }-3-
nitropyridine.

"H-NMR (CDCl,, 300 MHz) d(ppm): 1.70 (d, 3H, J=7.0
Hz), 3.74 (s, 3H), 5.46 (q, 1H, J=7.0 Hz), 7.07 (dd, 1H, 55
J=7.8, 5.0 Hz), 8.2-8.4 (m, 2H).

Step 2:

A mixture of 1.7 g of 2-{1-(methoxycarbonyl)ethoxy }-3-
nitropyridine, 102 mg of platinum oxide, and 7.5 ml of
cthanol was stirred at room temperature under an atmo-
sphere of hydrogen gas for 3.5 hours. The gas in the
atmosphere on the reaction system was replaced with nitro-
gen gas, and the reaction mixture was filtered through Celite.
The filtrate was concentrated. The residue was subjected to g5
silica gel column chromatography to give 1.16 g of 3-amino-
2-{1-(methoxycarbonyl)ethoxy }pyridine.
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'"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.63 (d, 3H, J=6.8
Hz), 3.74 (s, 3H), 3.84 (bs, 2H), 5.38 (d, 1H, J=6.8 Hz), 6.72
(dd, 1H, J=7.7, 5.0 Hz), 6.90 (dd, 1H, JI=7.7, 1.4 Hz), 7.48
(dd, 1H, J=5.0, 1.4 Hz).

Step 3:

First, 1.5 ml of a boron trifluonide diethyl ether complex
was added dropwise to a mixture of 1.1 g of 3-amino-2-{1-
(methoxycarbonyl)ethoxy }pyridine, 1 ml of 1,2-dimethoxy-
cthane, and 1 ml of dichloroethane at —10° C. After stirring
at the same temperature for 10 minutes, a solution of 0.8 ml
of t-butyl nitrite in 1 ml of 1,2-dimethoxyethane was added
dropwise to the reaction mixture at -5° C. or lower. After
stirring at the same temperature for 30 minutes, n-pentane
was poured into the mixture. The lower one of the two layers
separated was dissolved 1n acetic anhydride, and the solution
was stirred at 70° C. for 1 hour. After the solvent was
distilled out, the residue was subjected to silica gel chro-
matography to give 0.34 g of 3-acetoxy-2-{1-(methoxycar-
bonyl)ethoxy }pyridine.

"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.60 (d, 1H, J=7.0
Hz), 2.33 (s, 3H), 3.73 (s, 3H), 5.34 (q, 1H, J=7.0 Hz), 6.91
(dd, 1H, J=7.6, 5.0 Hz), 7.36 (dd, 1H, J=7.6, 1.5 Hz), 7.97
(dd, 1H, J=3.0, 1.5 Hz).

Step 4:

A mixture 0 0.34 g of 3-acetoxy-2-{ 1-(methoxycarbonyl)
ethoxy } pyridine, 0.11 g of potassium carbonate, and 2 ml of
methanol was stirred at room temperature for 1 hour. The
reaction mixture was poured 1nto water, and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-
raphy to give 198 mg of 3-hydroxy-2-{1-(methoxycarbonyl)
ethoxy } pyridine.

"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.64 (d, 1H, J=7.0

5 Hz), 3.75 (s, 3H), 5.45 (q, 1H, J=7.0 Hz), 6.0-6.2 (bs, 1H),

6.83 (dd, 1H, J=7.7, 5.0 Hz), 7.15 (dd, 1H, J=7.7, 1.5 Hz),
7.63 (dd, 1H, J=5.0, 1.5 Hz).

Step S

To a mixture of 0.18 g of 3-hydroxy-2-{1-(methoxycar-
bonyl)ethoxy }pyridine, 0.19 g of 2,5-difluoro-4-[3-methyl-
2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-
1 -yl]mitrobenzene, and 2.0 ml of N,N-dimethylformamide
was added 90 mg of potassium carbonate, and the mixture
was stirred at 70° C. for 3 hours. The reaction mixture was
cooled to room temperature and then poured into ice water,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium sulfate,
and then concentrated. The residue was subjected to silica
gel column chromatography to give 0.21 g of 3-{4-fluoro-
5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahy-
dropyrimidin-1-yl]-2-nitrophenoxy }-2-{ 1-(methoxycarbo-
nyl)ethoxy }pyridine as a mixture of diastereoisomers.

'H-NMR (CDCl,, 300 MHz) d(ppm): 1.45 (d, 3/2H,
J=7.1 Hz), 1.46 (d, 3/2H, J=7.1 Hz), 3.49 (s, 3/2H), 3.51 (s,
3/2H), 3.66 (s, 3H), 5.29 (q, 1/2H, J=7.1 Hz), 5.31 (q, 1/2H,
J=7.1 Hz), 6.28 (s, 1/2H), 6.30 (s, 1/2H), 6.9-7.0 (m, 1H),
7.10 (d, 1/2H, J=6.1 Hz), 7.17 (d, 1/2H, J=6.1 Hz), 7.4-7.6
(m, 1H), 7.8-7.9 (m, 1H), 7.9-8.0 (mm, 1H).

Step 6:

To a mixture of 0.21 g of 1ron powder, 3 ml of acetic acid,
and 0.3 ml of water was added dropwise a solution of
3-{4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,
3,6-tetrahydropyrimidin-1-yl]-2-nitrophenoxy }-2-{1-
(methoxycarbonyl)ethoxy }pyridine in 1.2 ml of acetic acid,
while the temperature of the reaction mixture was kept at 35°
C. or lower. After completion of the dropwise addition, the
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mixture was stirred for 1 hour and then filtered through
Celite. The filtrate was diluted with ethyl acetate. The
mixture was neutralized with saturated aqueous sodium
bicarbonate solution. The organic layer was washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated. The
residue was subjected to silica gel chromatography to give
0.16 g of 3-{2-amino-4-fluoro-5-[3-methyl-2,6-dioxo-4-(tri-
fluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl|phenoxy } -
2-{1-(methoxycarbonyl)ethoxy }pyridine as a mixture of
diastereoisomers.

"H-NMR (CDCl,, 300 MHz) 8(ppm): 1.61 (d, 3H, J=7.1
Hz), 3.52 (s, 3H), 3.72 (s, 3H), 4.28 (bs, 2H), 5.40 (q, 1/2H,
J=7.1 Hz), 5.41 (q, 1/2H, J=7.1 Hz), 6.30 (s, 1H), 6.62 (d,
1H, J=10.9 Hz), 6.7-6.8 (m, 1H), 6.8-6.9 (m, 1H), 7.2-7.3
(m, 1H), 7.7-7.9 (m, 1H).

Reterence Production Example 12

Step 1:
AN N ‘/\N
— O
7 Cl 7 S/\ﬂ/ NCH,
NO, NO, O

First, 0.8 g of sodium hydride was added to a mixture of
3.17 g of 2-chloro-3-nitropyridine, 2.12 g of methyl thiogly-
colate, and 20 ml of tetrahydrofuran at 0° C. After stirring at
room temperature for 2 hours, the reaction mixture was
poured 1nto 1ce water, and the mixture was extracted with
cthyl acetate. The organic layer was dried over anhydrous
magnesium sulfate and then concentrated. The residue was
washed with diisopropyl ether and hexane to give 3.1 g of
2-(methoxycarbonyl)methylthio-3-nitropyridine.

"H-NMR (CDCl,, 300 MHz) d(ppm): 3.75 (s, 3H), 3.98
(s, 2H), 7.24 (dd, 1H, J=8.0,4.8 Hz), 8.54 (dd, 1H, J=8.0, 1.8
Hz), 8.66 (dd, 1H, J=4.8, 1.8 Hz).

Step 2:
‘/‘\N
O
\%\S/\ﬂ/ \CH3
NO, O

)
O
/ . /\l.( \CH3
NH, O

A mixture of 3.0 g of 2-(methoxycarbonyl)methylthio-3-
nitropyridine, 180 mg of platinum oxide, and 14 ml of
cthanol was stirred at room temperature under an atmo-
sphere of hydrogen gas for 3 hours. The gas 1n the atmo-
sphere on the reaction system was placed with mitrogen gas,
and the reaction mixture was filtered through Celite. The
filtrate was concentrated. The residue was subjected to silica
gel column chromatography to give 2.54 g of 3-amino-2-
(methoxycarbonyl)methylthiopyridine.

10

15

20

25

30

35

40

45

50

55

60

65

48
"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.73 (s, 3H), 4.03
(s, 2H), 6.2-6.4 (b, 1H), 7.06 (dd, 1H, J=8.0, 4.9 Hz),
7.1-7.2 (bs, 1H), 7.47 (dd, 1H, J=8.0, 1.4 Hz), 8.05 (dd, 1H,
J=4.9, 1.4 Hz).
Step 3:

X

‘ —

O
/ q /\ﬂ/ \CHg
O

)
O
/ S/\l‘r \CHS
\H/O O

O

NH,

First, 1.92 g of trifluoromethanesulionic acid was added
dropwise to a mixture of 2.54 g of 3-amino-2-(methoxycar-
bonyl)methylthiopyridine, 6 ml of 1,2-dimethoxyethane,
and 2 ml of dichloromethane at —10° C. After stirring at the
same temperature for 10 minutes, a solution of 1.59 g of
t-butyl nitrite 1n 1 ml of 1,2-dimethoxyethane was added
dropwise to the reaction mixture at -5° C. or lower. After
stirring at the same temperature for 30 minutes, n-pentane
was poured into the mixture. The lower one of the two layers
separated was dissolved 1n 3 ml of acetic anhydride, and the
solution was stirred at 50° C. to 70° C. for 1 hour. The
reaction mixture was cooled to room temperature and then
poured 1nto water, and the mixture was extracted with t-butyl
methyl ether. The organic layer was washed with saturated
aqueous sodium hydrogencarbonate solution and saturated
aqueous sodium chloride solution, dried over anhydrous
magnesium sulfate, and then concentrated. The residue was
subjected to silica gel chromatography to give 0.48 g of
3-acetoxy-2-(methoxycarbonyl)methylthiopyridine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 2.36 (s, 3H), 3.74
(s, 3H), 4.00 (s, 2H), 7.07 (dd, 1H, J=8.0, 4.7 Hz), 7.37 (dd,
1H, J=8.0, 1.5 Hz), 8.29 (dd, 1H, J=4."7, 1.5 Hz).

Step 4:

\N

O
/ S/\l.( \CH3
OH O

A mixture of 0.48 g of 3-acetoxy-2-(methoxycarbonyl)
methylthiopyridine, 0.15 g of potassium carbonate, and 3 ml
of methanol was stirred at room temperature for 3 hours. The
reaction mixture was poured nto water, and the mixture was
extracted with ethyl acetate. The organic layer was dried



Us 7,109,148 B2

49

over anhydrous magnesium sulfate and then concentrated.
The residue was subjected to silica gel column chromatog-
raphy to give 0.26 g of 3-hydroxy-2-(methoxycarbonyl)
methylthiopyridine.

"H-NMR (CDCl,, 250 MHz) 8(ppm): 3.74 (s, 3H), 3.92
(s, 2H), 7.02 (dd, 1H, J=8.1,4.6 Hz), 7.13 (d, 1H, J=8.1 Hz),
8.06 (d, 1H, J=4.6 Hz).

Step S
I
CF; N\]/O
‘ N F
_|_
O
F NO;
‘/'\N
O
\%\S/\ﬂ/ \CH3
OH O
(‘3H3 ‘/.\N
CF N O O
3\‘/ / S/\[( \CH3
\H/N\/\‘/O O
O
F/ \/\Noz

To a mixture of 0.26 g of 3-hydroxy-2-(methoxycarbonyl)
methylthiopyridine, 0.38 g of 2,5-difluoro-4-[3-methyl-2,6-
dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahydropyrimidin-1-yl]
nitrobenzene, and 2 ml of N,N-dimethylformamide was
added 0.17 g of potassium carbonate, and the mixture was
stirred at 70° C. for 2 hours. The reaction mixture was
cooled to room temperature and then poured into 1ce water,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium sulfate,
and then concentrated. The residue was subjected to silica
gel column chromatography to give 0.49 g of 3-{4-fluoro-
3-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-1,2,3,6-tetrahy-
dropyrimidin-1-yl]-2-nitrophenoxy }-2-(methoxycarbonyl)
methylthiopyridine.

"H-NMR (CDCl,, 300 MHz) 8(ppm): 3.54 (s, 3H), 3.73
(s, 3H), 4.01 (s, 2H), 6.33 (s, 1H), 7.0-7.1 (m, 2H), 7.18 (dd,
1H, J=7.8, 1.3 Hz), 7.92 (d, 1H, J=8.5 Hz), 8.28 (dd, 1H,
I=4.4, 1.3 Hz).

Step 6:

{[}

/\I_(\

02
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-continued
CH3 ‘ Ny
O
F NH,

To a mixture o1 0.5 g of 1ron powder, 1.5 ml of acetic acid,
and 0.15 ml of water was added dropwise a solution of 0.41
g of 3-{4-fluoro-5-[3-methyl-2,6-dioxo-4-(trifluoromethyl)-
1,2,3,6-tetrahydropyrimidin-1-yl]-2-nitrophenoxy } -2-
(methoxycarbonyl)methylthiopyridine 1n 1 ml of acetic acid,
while the temperature of the reaction mixture was kept at 35°
C. or lower. After completion of the dropwise addition, the
reaction mixture was stirred for 2 hours and then filtered
through Celite. The filtrate was diluted with ethyl acetate.
The mixture was neutralized with saturated aqueous sodium
bicarbonate solution. The organic layer was washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then concentrated. The
residue was subjected to silica gel column chromatography
to give 0.36 g of 3-{2-amino-4-fluoro-5-[3-methyl-2,6-di-
0x0-4-(trifluoromethyl)-1,2,3 6-tetrahydr0pyr1m1d1n—l-yl]
phenoxy }-2-(methoxycarbonyl)methylthiopyridine.

"H-NMR (CDC1,, 250 MHz) d(ppm): 3.53 (s, 3H), 3.75
(s,3H), 4.02 (s, 2H), 4.18 (bs, 2H), 6.32 (s, 1H), 6.66 (d, 1H,
J=10.7 Hz), 6.82 (d, 1H, J=6.7 Hz), 6.95 (dd, 1H, J=8.4, 4.9
Hz), 7.03 (dd, 1H, J=8.4, 1.4 Hz), 8.14 (dd, 1H, =49, 1.4
Hz).

Specific examples of compounds (I) are shown below.
TABLE 1
Compounds of formula (I-a) (compound a-1 to compound a-124)
(I-a)
R 5
CH; 4 -*A/\X 6
| | |
CF3\/NYO 3 \H\A/ﬁrp*
‘ N O O
\[r N
O ™ ‘
F ¢
Compound No. A X R’ R!
a-1 O CH H OH
a-2 O N H OH
a-3 S CH H OH
a-4 S N H OH
a-3 O CH H OCH;
a-6 O N H OCH,
a-7 S CH H OCH,;
a-8 S N H OCH;
a-9 O CH H OCH-,CH;
a-10 O N H OCH,CH,
a-11 S CH H OCH,CH,
a-12 S N H OCH,CH,
a-13 O CH H OCH,CH,CH,
a-14 O N H OCH,CH,CH,
a-15 S CH H OCH,CH,CH,
a-16 S N H OCH,CH,CH,
a-17 O CH H OCH,CH,CH,CH,
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TABLE 1-continued TABLE 1-continued

Compounds of formula (I-a) (compound a-1 to compound a-124)

Compounds of formula (I-a) (compound a-1 to compound a-124)

(I-a) °

R3 5 (I-a)
3 5
CH; 4 AAX 6 R\g\
‘ ‘ (‘3H3 4 ¢~ X 6
CF; N O A R
3
A 10  CF; N O AN ‘ R!
‘ \.]/ A/\ﬂ/
N O O ‘
\/\/ N O O
7 NN O ‘
15 : RN -
Compound No. A R? R?
3 1
a-18 O N H OCH,CH,CH,CH, Compound No. A £ R R
a-19 O CH H OCH,CH,CH,CH,CH,
a-20 O N H OCH,CH,CH,CH,CH, a-79 NH CH H OCH,CH,
a-21 O CH H OCH,CH—CH, 20 480 NH N H OCH,CH,
a-22 O N H OCH,CH=CH
293 o CH H OCH%CHQE 2 a-81 NH CH H OCH,CH,CH,
a-24 O N H OCH(CH,), a-82 NH N H OCH,CH,CHj;
a-25 O CH H OCH,C=CH a-83 NH CH H OCH,CH,CH,4
ﬂég 8 T(STH g SEHSCHE)CH s a-84 NH N H OCH,CH,CH,
3_28 o A o (E_Cin) a-83 NH CH H OCH,CH,CH,CH,
170 O CH  H O(c-C.H, ) a-86 NH N H OCH,CH,CH,CH,
a-30 O N H O(c-C¢H, ) a-87 NH CH H OCH,CH,CH,CH,CH,
z; 8 ;H g 8532882533 a-88 NH N H OCH,CH,CH,CH,CH,
- 2ol ) _
23 0 A OC(CH,).CO.CH, o O 89 NH CH H OCH,CH=CH,
a-34 O N H OC(CH;),CO,CH, a-90 NH N H OCH,CH=CH,
a-35 O CH H NH, a-91 O CH H ONHCH,
a-36 O N H NH; a-92 O N H ONHCH,
Z;; g ;H g §§2 a-93 O CH H ONHCH,CH,
B 2
a-39 O CH H NHCH, 25 a-94 O N H ONHCH,CH;
a-40) O N H NHCH, a-95 O CH H ON(CH;),
a—jé g ;H g iggga a-96 O N H ON(CH;),
H.-_
a-43 O CH H NHCH;CH3 adl O CHoH ON=C(CH;)5
a-44 O N H NHCH,CH, a-9% O N H ON=C(CHj;),
a-45 S CH H NHCH,CH, a-99 O CH H N(CH,CH;)
a-46 S N H NHCH,CH, 4 100 0 N H N(CH,CH,),
a-47 O CH H NHCH,CH,CH |
a-48 O N H NHCHjCHjCHj 2-101 O CHoH N(CH;)(CH>CH3)
a-49 S CH H NHCH,CH,CH, a-102 O N H N(CH3)(CH,CHj;)
a-30 S N H NHCH,CH,CH, a-103 O CH H NHOCH,
a-51 O CH H NHCH,CH,CH,CH, 1104 O N e NHOCH,
a-32 O N H NHCH,CH,CH,CH, 45
a-33 O CH H NHCH,CH,CH,CH,CH, * ;“05 O CHH NHOCHCH,
a-34 O N H NHCH,CH,CH,CH,CH, a-106 O N H NHOCH,CH;
a-35 O CH H NHCH,CH—CH,, a-107 O CH 5-Cl OCH,
a-36 O N H NHCH,CH=—CH, 3-108 O N 5.C] OCH,
a-57 O CH H NHCH(CH,), |
a-58 O N H NHCH(CHs), 5o 17 > oo OCH;
a-59 O CH H NHCH,C=CH a-110 S N 5-Cl OCH;
a-60 O N H NHCH,C=CH a-111 O CH 5-Cl OCH,CH,
a-61 O CH H NHEC'C5H9§ a-112 O N 5-Cl OCH,CH,
a-62 O N H NH(c-CH, N
3-63 O CH H NH(c-CeH, ) 311 O cHoo OtH,
a-64 O N H NH(c-CgH ) oo e O N 5F OCH;
a-65 O CH H NHCH,CO,CH, a-115 O CH 5-CH, OCH,
a-66 O N H NHC?ECC)JQCH;.; a-116 O N 5-CH,4 OCH,
a-67 O CH H NHC(CH,),CO,CH, . _
a-68 O N H NHC(CH;),CO-,CHj * ;‘;“7 O CH5-OCH; OCH;
a-69 NH CH H OH a-118 O N 5-OCH; OCH;
a-70 NH N H OH a-119 O CH 5-OCH, OCH,CH,
a-71 NH CH H OH 00 1120 O N 5-0CH, OCH,CH,
Zg ig EH g SEHS a-121 O CH H Otert-C,H,
3-74 N N I OCH, a-122 O N H O-tert-C,4Hq
a-75 NH CH H OCH, a-123 O CH H O-iso-C,H,
a-76 NH N H OCH; a-124 O N H O-iso-C,H,
a-77 NH CH H OCH,CH, 65
a-78 NH N H OCH,CH,
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Compounds of formula (I-b) (compound b-1 to compound b-124)

CH;

R3

4

CF; N\fo :

O

Compound No.

-1
-2
-3

Y
I N e e e i e S
O D 0 -1 Oy o/ O

Y ¥y ¥T 7Y
o N oM T N i (N
N S T N T

D-25
0-26
0-27
0-28
0-29
0-30)
0-31
0-32
0-33
0-34
0-35
0-36
0-37
0-38
-39
0-4()
0-41
0-42
0-43
0-44
0-45
0-46
0-4'7
0-48
0-49
0-50)
0-51
0-52
0-53
0-54
0-55
0-56
0-57
0-58%
0-59
0-60)
0-61
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e
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N
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N
CH
N
CH
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CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N
CH
N

CH

AR
X

5

(I-b)

AAX s CHa
|
Rl
\H\A
O O

N

Cl

g
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Rl

OH

OH

OH

OH

OCH,4

OCH;

OCH,

OCH;

OCH-,CH;
OCH-,CH;
OCH,CH,
OCH-,CH;
OCH,CH,CH,4
OCH,CH,CH,4
OCH,CH,CH;
OCH,CH,CH,4
OCH-,CH,CHCH,4
OCH,CH,CH,CH;4
OCH-,CH,CH,CH,CH;
OCH-,CH,CH,CH,CH;
OCH,CH=—CH,
OCH,CH=—CH,
OCH(CH3),
OCH(CH;),
OCH,C=CH
OCH,C=CH
O(c-C5Hy)
O(c-CsHy)
O(c-CgH 1)
O(c-CgH, )
OCH,CO,CH,4
OCH,CO,CH;4
OC(CH;),CO,CH;4
OC(CH;),CO,CH,;
NH,

NH,

NH,

NH,

NHCH;

NHCH;

NHCH;

NHCH;,
NHCH-,CH;4
NHCH->CH;4
NHCH,CH;
NHCH->CH;4
NHCH,CH,CH;
NHCH,CH-,CH;
NHCH,CH,CH,;
NHCH,CH-,CH;
NHCH,CH,CH,CH;
NHCH-,CH,CH,CH;
NHCH,CH,CH,CH,CH;
NHCH,CH,CH,CH,CH;
NHCH,CH=CH,
NHCH,CH=—CH,
NHCH(CH;),
NHCH(CH;),
NHCH,C=CH
NHCH,C=CH
NH(c-C5Hy)
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TABLE 2-continued

Compounds of formula (I-b) {compound b-1 to compound b-124)

D-62
0-63
n-64
0-65
D-66
0-677
D-6&
-69
=70
0-71
D-72
0-73
0-74
0-75
0-76
0-77
0-78
n-79
0-80
n-81
0-82
0-83
-84
0-85
D-86
-8/
-8
0-59
-390
n-91
n-32
0-93
n-94
0-95
n-96
n-97
0-9%

-
1
O o0 =1 Oy B b/ O

L
|
b —
-

H-99

p-100
p-101
p-102
p-103
p-104
p-105
p-106
p-107
p-10%
p-109

-

1
2
k.

-

|
b
]

Compound No.

22220000000\ »

H

OO0 00O0O0O00O000Q0UnmQOOQOO00O00000000000C00O00~Z

R 5

(I-b)

AAX 6 CHa
|
Rl
\H\A
e O

/

Cl

£
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5-OCH,
5-OCH,
5-OCH,
5-OCH,

Rl

NH{c-CsHy)
NH(c-CgHyy)
NH{c-C¢Hyy)
NHCH,CO-,CH;
NHCH,CO,CH;
NHC(CH,;),CO,CH;
NHC(CH,),CO,CH;
OH

OH

OH

OH

OCH;

OCH;

OCH;

OCH;

OCH,CH;
OCH,CH;
OCH,CH;
OCH,CH;
OCH,CH,CH;4
OCH,CH,CH,
OCH,CH,CH;
OCH,CH,CH,
OCH,CH,CH,CH;4
OCH,CH,CH,CH,4
OCH,CH,CH,CH,CH;
OCH,CH,CH,CH,CH;
OCH,CH=—CH,
OCH,CH=CH,
ONHCH,;
ONHCH,
ONHCH,CH;
ONHCH-,CH;
ON(CHs,),
ON(CH;),
ON=C(CH;),
ON=C(CH;),
N(CH,CH,),
N(CH,CH;)
N({CH;)(CH>CH;)
N(CH;)(CH>CH;)
NHOCH,
NHOCH;
NHOCH,CH;4
NHOCH,CH;
OCH;

OCH;

OCH;

OCH,;

OCH,CH;
OCH,CH;

OCH;

OCH;

OCH;

OCH;

OCH;

OCH;

OCH,CH;
OCH,CH;
O-tert-C,H,g
O-tert-C,H,
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TABLE 2-continued

Compound No.

b-123
b-124

Compounds of formula (I-¢) (compound ¢-1 to compound c-4%)

R3

5

AAX s CHa
|
Rl
\H\A
O O

N\ /\‘

F/ \/\m

A X R R!

O CH H O-iso-C,H,

O N H O-iso-C ,H,
TABLE 3

H
P |
CF3\ N O 3 \
\[(N\/\‘/
M YN
Compound No. Z X R?
c-1 Br CH H
c-2 Br N H
c-3 Br CH CH;
c-4 Br N CH;
c-5 Br CH H
c-6 Br N H
c-7 Br CH CH;
c-8 Br N CH;
c-9 Br CH H
c-10 Br N H
c-11 Br CH CH;
c-12 Br N CH;
c-13 Br CH H
c-14 Br N H
c-15 Br CH CH;
c-16 Br N CH;
c-17 Br CH H
c-1% Br N H
c-19 Br CH CH;
c-20 Br N CH;
c-21 Br CH H
c-22 Br N H
c-23 Br CH CH;
c-24 Br N CH;
c-25 I3 CH H
c-26 Iy N H
c-27 I3 CH CH;
c-28 Iy N CH;
c-29 I3 CH H
c-30 I3 N H
c-31 F CH CH;
c-32 I3 N CH;
c-33 F CH H
c-34 I3 N H
c-35 F CH H
c-36 I3 N H

Rl

OH
OH

OH

OH

OCH,

OCH,

OCH,

OCH,

OCH,CH,

OCH,CH,

OCH,CH,

OCH,CH,
OCH,CH,CH,
OCH,CH,CH,
OCH,CH,CH,
OCH,CH,CH,
OCH,CH,CH,CH,CH,
OCH,CH,CH,CH,CH,
OCH,CH,CH,CH,CH,
OCH,CH,CH,CH,CH,
O(c-CHy)

O(c-CsHy)

O(c-CsHy)

O(c-CsHy)

OCH,

OCH,

OCH,

OCH,

OCH,CH,

OCH,CH,

OCH,CH,

OCH,CH,
OCH,CO,CH,
OCH,CO,CH,
OC(CH,;),CO,CH,
OC(CH,;),CO,CH,

(I-b)

(I-c)
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TABLE 3-continued

Compounds of formula (I-¢) (compound ¢-1 to compound ¢-48)

(I-¢)

H 5
CH; X %6
| | |
Cl3 N\(O ; \H\ )\H/R
‘ O
\[ITN O O
O
b V4

Compound No. Z X & R!
c-37 I CH H OCH;
c-38 I N H OCH,;
c-39 I CH CH;, OCH;
c-40 I N CH, OCH,
c-41 I CH H OCH,CH;
c-42 I N H OCH,CH;
c-43 I CH CH;, OCH,CH;
c-44 I N CH, OCH,CH,
c-45 Br CH H NH,
c-46 Br N H NH,
c-47 Br CH H NHCH;
c-48 Br N H NHCH,

The following will describe formulation examples. In
these formulation examples, “parts” represents parts by
weilght.

Formulation Example 1

Fifty parts of each of compounds a-1 to a-124, compounds
b-1 to b-124, and compounds c-1 to ¢c-48, 3 parts of calctum
lignin sulfonate, 2 parts of sodium lauryl sulfate, and 45
parts of synthetic hydrated silicon oxide are well pulverized
and mixed to give a wettable powder for each compound.

Formulation Example 2

Seventy parts of each of compounds a-1 to a-124, com-
pounds b-1 to b-124, and compounds c-1 to ¢-48, 3 parts of
calcium lignin sulfonate, 2 parts of sodium lauryl sulfate,
and 25 parts of synthetic hydrated silicon oxide are well
pulverized and mixed to give a wettable powder for each
compound.

Formulation Example 3

Twenty parts of each of compounds a-1 to a-124, com-
pounds b-1 to b-124, and compounds c-1 to ¢-48, 3 parts of
polyoxyethylene sorbitan monooleate, 3 parts of CMC (car-
boxymethylcellulose), and 74 parts of water are mixed and
wet pulverized so that the mean particle size comes to 5 um
or smaller to give a flowable of each compound.

Formulation Example 4

Forty parts of each of compounds a-1 to a-124, com-
pounds b-1 to b-124, and compounds c-1 to ¢-48, 3 parts of
polyoxyethylene sorbitan monooleate, 3 parts of CMC (car-
boxymethylcellulose), and 54 parts of water are mixed and
wet pulverized so that the mean particle size comes to 5 um
or smaller to give a tlowable of each compound.
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The following will describe test example and the present
invention should not be limited to the test example.

Test Example

Seed potatoes were planted on a field and grown. At the
time of the foliage turning yellow, 2.5 parts of each of
compounds a-5 and a-6, 10 parts of Sorpol 3890 (Toho
Chemical Industry Co., Ltd.), and 87.5 parts of SOLVESSO
200 (Exxon Mobile Chemical Company) were well mixed to
give an emulsifiable concentrate for each compound, diluted
at a prescribed dose with water contaiming 1% (v/v) crop o1l
concentrate (COC), and the dilution was uniformly sprayed
to the plants. One section of the treated field are 2.1x15.2 m
in area, and the potato plants on 14 day after the treatment
were examined for the desiccant effect. The results are
shown 1n Table 4. In the table, the desiccation eflect was
evaluated with following criteria.

Evaluating criteria
1 The desiccated area of foliage 1s O to 29%

liage 1s 30 to 69%

he desiccated area of fo!

ne desiccated area of foliage 1s 70 to 89%

ne desiccated area of foliage 1s 90 to 99%
he desiccated area of foﬁlage 1s 100%
The treatment was done in 3 sections, the result was

indicated with an average of the 3 sections.
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TABLE 4

Application amount Desiccation

Test compound (g/ha) effect
Compound a-3 10 5
Compound a-6 10 5

INDUSTRIAL APPLICABILITY

The use of the present desiccant on a suitable time prior
to harvest can gain the plants whose aboveground parts 1s
suiliciently desiccated on the harvest time, so that works on
and/or after the harvest can easily be performed.

The invention claimed 1s:

1. A desiccant for a crop plant, which comprises as an
active mgredient, a compound of formula (I):
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wherein X 1s nitrogen; Z 1s halogen; A 1s oxygen, sulfur, or
NH; R" is hydroxyl, C,—C, alkoxy, C,—C, alkenyloxy, C-C;
alkynyloxy, C—C- cycloalkoxy,, {(C —C alkoxy)carbonyl}
C,—C; alkoxy, (C,~C, alkylamino)oxy, {di(C,—C, alkyl)
amino}oxy,, (C,—C, alkylideneamino)oxy, C,—C, alky-
lamino, di(C,—C, alkyl)amino, C,—C, alkenylamino, C,—C,
alkynylamino, Cs—C, cycloalkylamino, {(C,~C, alkoxy)car-
bonyl} C,—C, alkylamino, or (C,—C, alkoxy)amino; R” is
hydrogen or methyl; and R is hydrogen, halogen, C,—C,
alkyl, or C,—C, alkoxy.

2. The desiccant for a potato, sunflower, soybean, rape or

sorghum plant, which comprises as the active ingredient, the
compound of formula (I) according to claim 1.

3. The desiccant for a potato plant, which comprises as the
active ingredient, the compound of formula (I) according to
claim 1.

4. The desiccant for a suntlower plant, which comprises
the active ingredient, the compound of formula (I) according,
to claim 1.

5. Amethod for desiccating a crop plant, which comprises
applying the compound of formula (I) according to claim 1
to the crop plant prior to harvest.

6. The method for desiccating a potato, suntlower, soy-
bean, rape or sorghum plant, which comprises applying the
compound of formula (I) according to claim 1 to the plant
prior to harvest.

7. The method for desiccating a potato plant, which
comprises applying the compound of formula (I) according
to claam 1 to a aboveground part of the plants prior to
harvest.

8. The method for desiccating a sunflower plant, which
comprises applying the compound of formula (I) according
to claim 1 to a aboveground part of the sunflower plant prior
to harvest.

9. The method according to any one of claims 5 to 8,
wherein the compound of formula (I) 1s applied 1n an amount

of 1 to 500 g per 1 ha.

10. A method for harvesting a crop, which comprises a
step of applying a compound of formula (I) according to
claim 1 to the crop plant.

11. The method for harvesting a crop selecting from a
group ol potato, sunflower, soybean, rape and sorghum,
which comprises a step of applying the compound of for-
mula (I) according to claim 1 to the crop plant.

12. The method for harvesting a potato, which comprises
a step of applying the compound of formula (I) according to
claim 1 to the potato plant.

13. The method for harvesting a suntlower, which com-
prises a step of applying the compound of formula (I)
according to claim 1 to the sunflower plant.

14. The method according to any one of claims 10-12,
and 13 wherein the compound of formula (I) 1s applied 1n an
amount of 1 to 500 g per 1 ha.
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